WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61K 38/00, C07K 5/00 



Al 



(11) International Publication Number: WO 99/18987 

(43) International Publication Date: 22 April 1999 (22.04.99) 



(21) International Application Number: PCT/US98/2 1 346 

(22) International Filing Date: 9 October 1998 (09.10.98) 



(30) Priority Data: 
08/948,131 



9 October 1997 (09.10.97) 



US 



(71) Applicant: THE TRUSTEES OF COLUMBIA UNIVERSITY 

IN THE CITY OF NEW YORK |US/USJ; West I !6th Street 
and Broadway, New York, NY 10027 (US). 

(72) Inventors: STERN, David; 63 Tanners Road, Great Neck, NY 

11020 (US). YAN. Shi. Du; Apartment 4-B, 60 Haven 
Avenue, New York. NY 10032 (US). SCHMIDT, Ann, 
Marie; 242 Haven Road. Franklin Lakes, NJ 07417 (US). 
LAMSTER. Ira; 430 Carlton Road, Wyckoff. NJ 07481 
(US). 

(74) Agent: WHITE. John, P.; Cooper & Dunham LLP, 1185 
Avenue of the Americas. New York, NY 10036 (US). 



(81) Designated States: AU, CA, JP, MX, European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE). 



Published 

With international search report. 



(54) Title: LIGAND BINDING SITE OF RAGE AND USES THEREOF 
(57) Abstract 

The present method provides for an isolated peptide having an amino acid sequence corresponding to the amino acid sequence of a 
V-domain of a receptor for advanced glycation end product (RAGE). The present invention also provides for an isolated peptide having 
an amino acid sequence A-Q-N-I-T-A-R-I-G-E-P-L-V-L-K-C-K-G-A-P-K-K-P-P-Q-R-l^E-W-K (Seq. ID No. 1). The present 
invention provides for a pharmaceutical composition comprising a therapeutically effect amount of an isolated peptide having an amino 
acid sequence corresponding to the amino acid sequence of a V-domain of RAGE. The present invention also provides for a method for 
inhibiting interaction of an amyloid-/? peptide with a receptor for advanced glycation end product which is on the surface of a cell, which 
comprises contacting the cell with the peptide or a functionally equivalent agent, wherein the peptide or agent is capable of inhibiting 
interaction of the amyloid-/? peptide with the receptor for advanced glycation end product, and the peptide or agent is present in an amount 
effective to inhibit interaction of the amyloid-/? peptide with the receptor for advanced glycation end product. 
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This application claims priority of U.S. Serial 



No. 

08/948,131, the content of which is hereby incorporated by 
reference . 

The invention disclosed herein was made with Government 
support under USPHS Grants No. AG00690, AG00603, HL56881 
from the Department of Health and Human Services. 
Accordingly, the U.S. Government has certain rights in this 
invention. 

Background of tlie Invention 

Throughout this application, various publications are 
referenced, by author and date. Full citations for these 
publications may be found listed alphabetically at the end 
of the specification immediately following the Experimental 
Procedures section and preceding the claims sections. The 
disclosures of these publications in their entireties are 
hereby incorporated by reference into this application in 
order to more fully describe the state of the art as known 
to those skilled therein as of the date of the invention 
described and claimed herein. 

ischemic heart disease is a leading cause of morbidity and 
mortality in the general population, but especially in 
patients with diabetes. The prevalence of coronary artery 
disease is as high as 55% in adult patients with diabetes 
(Robertson and Strong, 1968). Indeed, data from the 
Framingham Heart Study demonstrate that mortality from 
cardiovascular disease in non-insulin dependent diabetes 
(NIDDM) is more than doubled in diabetic men and more than, 
quadrupled in diabetic women when compared with nondiabetic 
control subjects (Kannel and McGee, 1979). In addition to 
increased prevalence, studies have shown that 
atherosclerosis in diabetic patients is clearly more 
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accelerated and extensive. In one autopsy series, for 
example, patients with diabetes were found tc have -ore 
severe disease cf the left anterior descending corcr.ary 
artery (Waller et al., 1980), a higher incidence of twc and 
three-vessel disease (Crall and Roberts, 1978), and a 
greater diffuseness of distribution of atherosclerotic 
lesions- (Hamby et al., 1976). These findings were confirmed 
by coronary angiography in symptomatic patients (Pyoraia et 
ai., 1978). 

The reasons for accelerated atherosclerosis in the setting 
of diabetes are numerous. However, even after correc: -on 
for dysiipidemia, hypertension and obesity, multivariate 
analysis studies have indicated that diabetic patients have 
an excess risk of cardiovascular disease relative to 
nondiabetic subjects (Kannel and McGee, 1979) . For example, 
in the Nurses' Health Study of 1,500 diabetic subjects anong 
a total of 115,000 women, the incidence of cardiovascular 
disease was 5-fold higher in the diabetic subjects 
regardless of their levels of cholesterol (Manscn et al., 
1991). These data suggest that factors unique tc the 
diabetic population play an important role. 

The pathologic hallmarks of Alzheimer's disease (AD) are 
intracellular and extracellular accumulations of proteins, 
progression of which is closely correlated with eventual 
neuronal dysfunction and clinical dementia (for reviews see 
Goedert, 1993; Haass et al., 1994; Kosik, 1994; Trojanowski 
et al. # 1994 ; Wischik, 1989). Amyloid-p peptide (A0) , which 
is the principal component of extracellular deposits in AD, 
both in senile/diffuse plaques and in cerebral vasculature, 
actively influences cellular functions as indicated by 
several lines of evidence: AP has been shown to promote 
neurite outgrowth, generate reactive oxygen intermediates 
(ROIs) , induce cellular oxidant stress, lead to neuronal 
cytotoxicity, and promote microglial activation (Behl et 
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al., 1994 ; Davis et al . , 1992; Hensley, ec al., 1994 : Koh, 
et al., 1990; Koo et al . , 1993; Loo ec al.. 1993; Meda ec 
al., 1995; Pike et al . , 1993; Yankner et al., 1990:. For A£ 
to induce these multiple cellular effects, cell surfaces may 
contain a binding protein (s) which engages AP . In this 
context, several cell-associated proteins, as well as 
sulfated proteoglycans, can interact with Ap. These include: 
substance P receptor, the serpin-enzyme complex (SEC) 
receptor, apolipoprotein E, apol ipoprotein J (clusterin) , 
transthyretin, alpha-1 anti - chymotrypsin, Js-amyloid 
precursor protein, and sulphonates/heparin sulfates (Abraham 
et ai.. 198G; Fraser et al . . 1952; Fraser et al . . 1993; 
Ghisc et al., 1993 ; Joslin et al . . 1991; Kimura ec al . , 
1993; Kisilevsky ec al . , 1995; Sen tcmaccer ec al . . 1993a; 
Stnccmaccer et al . , 1993b; Schwarzman ec al . , 1994; Snow et 
al., 1994; Yankner et al . , 1990). Of these, the substance 
P receptcr and SEC receptor might function as neuronal cell 
surface receptors for AP, though direct evidence for this is 
lacking (Fraser et al . , 1993; Joslin et al . , 1991; Kimura et 
al.-, 1953; Yankner et al . , 1990). In fact, the role of 
substance ? receptors is controversial, and it is not known 
whether AP alone interacts with the receptor, or if 
costimulaiors are also required (Calligaro et ai . , 1992; 
Kimura et al . , 1993; Mitsuhashi et al . , 1991) and the SEC 
receptor has yet to be fully characterized. Amyloid-P peptide 
(AP) is central to the pathology of Alzheimer's disease (AD), 
primarily because of its neurotoxic effects which involve 
induction of cellular oxidant stress. 
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Summary of the Invention 



PCTAJS98/2I346 



The. present method provides for an isolated peptide having 
an amino acid sequence corresponding to the amino acid 
sequence "of a V-domain of a receptor- for advanced glycation 
endproduct (RAGE) . The present invention also provides f br- 
an isolated peptide having an amino acid sequence A-Q-N-I-T- 
A-R-I-G-E-P-L-V-L-K-C-K-G-A-P-K-K-P-P-Q-R-L-E-W-K ( Seq . I.D. 
No. 1). The present invention' provides for a pharmaceutical 
composition comprising a therapeutically effect amount of an 
isolated peptide having an amino acid sequence corresponding 
to the amino acid sequence of a V-domain of RAGE and a 
pharmaceutically acceptable carrier. The present invention 
also provides for a method for inhibiting interaction of an 
amyloid-P peptide with a receptor for advanced glycation end 
product which is on the surface of a cell, which comprises 
contacting the cell with the peptide -or a functionally 
equivalent agent, wherein the peptide or agent is capable of 
inhibiting interaction of the amyloid-p peptide with the 
receptor for advanced glycation end product, and the peptide 
or agent is present in an amount effective to inhibit 
interaction of the amyloid-P peptide with the receptor for 
advanced glycation endproduct. 

The present invention also provides for a method for 
treating ' a subject with a condition associated with 
interaction of an amyloid-p peptide with a receptor for 
advanced glycation end product on a cell, which comprises 
administering to the subject the peptide or a . functionally 
equivalent agent capable of inhibiting the interaction of 
the amyloid-p peptide with the receptor for advanced 
glycation end product, the peptide or the agent being 
present in an amount effective to inhibit the amyloid-P 
peptide interaction with the receptor, thereby treating the 
subject . 
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Brief Description of the Figures 

Figure 1 . Measurements of alveolar bone loss in mice treated 
with sRAGE • See Example 2 in the Experimental Procedures. 
Statistical analysis = Group I vs. Group II - p=0.002; Group 
I vs. Group III - p=0.005; Group III vs. Group IV: p=0.009. 
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' Detailed Description of th e invention 

The present invention provides for an isolated peptide 
having an amino acid sequence corresponding to the amino 
acid sequence of a V-domain of a receptor for advanced 
glycation endproduct . The present invention also provides 
for a method of treating or ameliorating symptoms in a 
subject which are associated with a disease, wherein the 
disease xs atherosclerosis, hypertension, impaired wound 
healing, periodontal disease, male impotence, retinopathy 
and diabetes and complications of diabetes, which comprises 
administering to the subject an amount of the isolated 
peptide of the present invention or an agent capable of 
inhibiting the interaction between amyloid.-P peptide and 
RAGE, effective to inhibit the interaction so as to treat or 
ameliorate the disease or condition in the subject. The 
method may also prevent such conditions from occurring in 
the subject. 

In several embodiments of the present invention, a peptide 
having an amino acid sequence corresponding to the amino 
acid sequence of a V-domain of a RAGE or soluble RAGE is 
exemplified by the following amino acid sequences: 
A-Q-N-I-T-A-R-I-G-E-P-L-V-L-K-C-K-G-A-P-K-K-P-P-Q-R-L-E-W-K 

(Seq. I.D. Nc. 1) ; 

G-Q-N-I-T-A-R-I-G-E-P-L-V-L-S-C-K-G-A-P-K-K-P-P-Q-Q-L-E-W-K 
(Seq. I.D. No. 2) ; 

G-Q-N-I-T-A-R-I-G-E-P-L-M-L-S-C-K-A-A-P-K-K-P-T-Q-K-L-E-W-K 
(Seq. I .D. No. 3) ; 

D-Q-N-I-T-A-R-I-G-K-P-L-V-L-N-C-K-G-A-P-K-K-P-P-Q-Q-L-E-W-K 
(Seq. I.D. No. 4) . 

The present invention provides for an isolated peptide 
having an amino acid sequence which corresponds to the amino 
acid sequence of the first 1-112 amino acids of human RAGE 
(which is the V-domain of human RAGE) , or which corresponds 
to amino acids 5-35 of the V-domain of human RAGE, or any 
other smaller portion of the V-domain of human RAGE. 
Representative peptides of the present invention include but 
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are not limited to peptides having an amino acid sequence 
which corresponds to amino acid numbers (2-30), (5-* 35), (10- 
40) f (15-45), (20-50), (25-55), (30-60), (30-65), (10-60), 
(8-100), 14-75), (24-80), (33-75), (45-110) of human sRAGE 
5 protein. 

The abbreviations used herein for amino acids are those 
abbreviations which are conventionally used: A = Ala = 
Alanine; R = Arg = Arginine; N = Asn = Asparagine; D = Asp 
= Aspartic acid; C = Cys = Cysteine; Q = Gin = Glutamine; E 
= Glu = Gutamic acid; G = Gly = Glycine; H = His = 
Histidine; I = .lie = Isoleucine; L = Leu = Leucine; K = Lys 
= Lysine; M = Met = Methionine; F = Phe = Phenyalanine ; P = 
Pro = Proline; S = Ser = Serine; T = Thr = Threonine; W = 
Trp = Tryptophan; Y = Tyr = Tyrosine; V = Val = Valine. The 
amino acids may be L- or D- amino acids. An amino acid may 
be replaced by a synthetic amino acid which is altered so as 
to increase the half-life of the peptide or to increase the 
potency of the peptide, or to increase the bioavailability 
of the peptide. 

The present invention also encompasses a pharmaceutical 
composition which comprises a therapeutically effective 
amount of the peptide having an amino acid sequence 
25 corresponding to the amino acid sequence of a V-domain of a 
receptor for advanced glycation endproduct (RAGE) and a 
pharmaceutical^ acceptable carrier. The carrier may be a 
diluent, an aerosol, a topical carrier, an aqueous solution, 
a nonaqueous solution or a solid carrier. The carrier may 
30 be a polymer or a toothpaste. The pharmaceutical 
composition may comprise the peptide having an amino acid 
sequence corresponding to the amino acid sequence of a V- 
domain of a RAGE linked to a second peptide, wherein the 
second peptide may be an albumin, a globulin or a peptide 
3 5 chosen from a group of peptides, wherein each peptide of the 
group comprises a different length peptide, and wherein the 
sequence of each peptide corresponds to any sequence of 
amino acids taken from within amino acid number 31 through 
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amino acid number 281 of the human sRAGE protien. 

The present invention also encompasses a pharmaceutical 
composition which comprises a therapeutically effective 
amount of the peptide having an amino acid sequence 
corresponding to the amino acid sequence of a V-domain of a 
receptor for advanced glycation endproduct linked to an 
antibody or portion thereof. In one embodiment, the 
antibody may be capable of specifically binding to the 
receptor for advanced glycation endproduct. The antibody 
may be a monoclonal antibody, a polyclonal antibody. The 
portion or fragment of the antibody may comprise a F £h 
fragment or a F r fragment. The portion or fragment of the 
antibody may comprise a complementarity determining region 
or a variable region. 

The present invention also provides for a method for 
inhibiting an amyloid-P peptide's interaction with a receptor 
for advanced glycation end product when the receptor is on 
the surface of a cell, which comprises contacting the cell 
with an amount of an inhibitor of said interaction effective 
to inhibit interaction of the amyloid-P peptide with the 
receptor for advanced glycation endproduct. 

The cell may be a eukaryotic cell. The cell may be a cell 
of a subject. The subject may be a human. The cell may be 
a neuronal cell, an endothelial cell, a glial cell, a 
microglial cell, a smooth muscle cell, a somatic cell, a 
bone marrow cell, a liver cell, an intestinal cell, a germ 
cell, a myocyte, a mononuclear phagocyte, an endothelial 
cell, a tumor cell, a lymphocyte cell, a mesangiai cell, a 
retinal epithelial cell, a retinal vascular cell a ganglion 
cell or a stem cell. The cell may also be other kinds of 
cells not explicitly listed herein. The cell may be any 
human cell. The cell may be a normal cell, an activated 
cell, a neoplastic cell, a diseased cell or an infected 
cell. 
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In one embodiment, the inhibitor comprises a peptide, a 
peptidomimetic compound, a nucleic acid molecule, a small 
molecule, an organic compound, an inorganic compound, or an 
antibody or a fragment thereof. The inhibitor may be the 
isolated peptide having an amino acid sequence corresponding 
to the amino acid sequence of a V-domain of a receptor for 
advanced glycation endproduct . The inhibitor may be any of 
the compounds or compositions described herein. 

The inhibitor may be a soluble V-domain of a receptor for 
advanced glycation endproduct. The inhibitor may comprise 
an antibody or fragment thereof. The antibody may be 
capable of specifically binding to the receptor for advanced 
glycation endproduct. The antibody may be a monoclonal 
antibody or a polyclonal antibody or a fragment of an 
antibody. The antibody fragment may comprise a Fab or Fc 
fragment. The fragment of the antibody may comprise a 
complementarity determining region. 

In one embodiment, the inhibitor is capable of specifically 
binding to the amyloid-P peptide. 

The present invention also provides for a method for 
inhibiting degeneration of a neuronal cell which comprises 
contacting the cell with an inhibitor of the interaction of 
an amyloid-P peptide with a receptor for advanced glycation 
end product so as to inhibit the interaction and thereby 
inhibit degeneration of the neuronal cell. 

In another embodiment, the present invention provides for a 
method for inhibiting formation of an amyloid-P peptide 
fibril on a cell which comprises contacting the cell with an 
inhibitor of the interaction of an amyloid-p peptide with a 
receptor for advanced glycation end product so as to inhibit 
the interaction and thereby inhibit formation of the 
amyloid-P peptide fibril on a cell. 
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In another embodiment, the present invention provides fcr a 
method for inhibiting extracellular assembly of an amyloid- P 
peptide into a fibril which comprises contacting the 
amyloid-B peptide with an inhibitor of the interaction of an 
amyloid-P peptide with another amyloid-p peptide so as to 
inhibit the interaction and thereby inhibit extracellular 
assembly. of an amyloid-P peptide into a fibril. 

In another embodiment, the present invention provides fcr a 
method for inhibiting aggregation of amyloid-P peptide on zhe 
surface of a cell which comprises contacting the amyloid-P 
peptide with an inhibitor of the interaction of the amylcid-P 
peptide with a receptor for advanced glycation end product 
so as to inhibit the interaction and thereby inhibit 
aggregation of amyloid-p peptide on the surface of a cell. 

In another embodiment, the present invention provides fcr a 
method for inhibiting infiltration of a microglial cell into 
senile plaques which comprises contacting the microglial 
cell with an inhibitor of the interaction of an amylcid-p 
peptide with a receptor for advanced glycation end product 
on the surface of the microglial cell, so as to inhibit zhe 
interaction and thereby inhibit infiltration of a microglial 
cell into senile plaques. 

In another embodiment, the present invention provides for a 
method for inhibiting activation of a microglial cell by an 
amyloid-p peptide which comprises contacting the microglial 

cell with an inhibitor of the interaction of the amylcid-p 
peptide with a receptor for advanced glycation end product 
on the surface of the microglial cell so as to inhibit the 
interaction and thereby inhibit activation of a microglial 
cell. 

In another embodiment, the present invention provides for a 
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with an interaction of an amyloid-P peptide with a receptor 
for advanced glycation end product on a cell.. which 
comprises administering to the subject an inhibitor capable 
of inhibiting the interaction of the amyloid-p pepcide with 
the receptor for advanced glycation end product, the 
inhibitor being present in an amount effective zc inhibit 
the amyloid-p peptide interaction with the receptor., thereby 
treating the subject. 

In another embodiment, the condition is diabetes, 
Alzheimer's Disease, senility, renal failure, hyperi ipider/iic 
atherosclerosis, neuronal cytotoxicity, Down's syndrome, 
dementia associated with head trauma, amyotrophic lateral 
sclerosis, multiple sclerosis, amyloidosis, an autoimmune 
disease, inflammation, a tumor, cancer, male impotence, 
wound healing, periodontal disease, neuopathy, retinopathy, 
nephropathy or neuronal degeneration. The subject may be a 
mammal. The mammal may be a human. 

The administration may comprise intralesional , 
intraperitoneal, intramuscular or intravenous injection; 
infusion; liposome -mediated delivery; topical, nasal, oral, 
anal, subcutaneous, vaginal, sublingual, uretheral, 

transdermal, intrathecal, ocular or otic delivery. The 
condition may be associated with degeneration of a neuronal 
cell in the subject. The condition may be associated with 
formation of an amyloid-P peptide fibril. The condition may 
be associated with aggregation of amyloid-P peptide, with 
infiltration of a microglial cell into a senile plaque, or 
with activation of a microglial cell by an amyloid-P peptide. 

The inhibitor may consists essentially of a portion of the 
peptide having an amino acid sequence corresponding to the 
amino acid sequence of a V-domain of a receptor for advanced 
glycation endproduct . 
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The inhibitor .may comprises the pharmaceutical composition 
which comprises a peptide having an amino acid sequence 
corresponding to the amino acid sequence of a V-domain of. a 
receptor for advanced glycation endproduct and a carrier. 

The present invention provides for a method for evaluating 
the ability of an agent to inhibit binding of an amyloid-P 
peptide with a V-domain of a receptor for advanced glycation 
end product on the surface of a cell which comprises: 
(a) contacting the cell with the agent and amyloid-P 
peptide; (b) determining the amount of amyloid-p peptide bound 
to the cell, and (c) comparing the amount of bound amyioid-P 
peptide determined in step (b) with the amount determmea 
in the- absence of the agent, .thus evaluating the ability cf 
the agent to inhibit the binding of amyloid -13 peptide to the 
V-domain of the receptor for advanced glycation end product 
on the surface of the cell. 

In one embodiment, the cell is contacted with the agent and 
the amyloid-P peptide simultaneously. In another embodiment, 
the cell is contacted with the amyloid-p peptide and the 
agent. The cell may be a neuronal cell, an endothelial 
cell, a glial cell, a microglial cell, a smooth muscle cell, 
a somatic cell, a bone marrow cell, a liver cell, an 
intestinal cell, a germ cell, a myocyte, a mononuclear 
phagocyte, an endothelial cell, a tumor cell, a lymphocyte 
cell, a mesangial cell, a retinal epithelial cell, a retinal 
vascular cell a ganglion cell or a stem cell. 

The agent may comprises a peptide, a peptidomimet ic 
compound, a nucleic acid molecule, a small molecule, an 
organic compound, an inorganic compound, or an antibody or 
a fragment thereof. The agent may be a peptide having an 
amino acid sequence corresponding to the amino acid sequence 
of a V-domain of a receptor for advanced glycation 
endproduct . 
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In one embodiment, the agent is a peptide having the amino 
acid sequence A-Q-N- I -T-A-R- I -G-E-P-L-V- L-K-C-K-G-A- P-K-K- P- 
P-Q-R-L-E-W-K (Seq. I.D. No. 1). 

In another embodiment, the agent is a peptide having the 
amino acid sequence A-Q-N-I-T-A-R-I-G-E {Seq. I.D. No. 5). 
In another embodiment, the agent is a soluble V-domain of a 
receptor for advanced glycation endproduct. The agent may 
also be. a soluble extracellular portion of a receptor for 
advanced glycation end product. The agent may be an 
antibody or fragment chereof or is linked to an antibody or 
fragment thereof. The antibody may be capable of 

specifically binding to a receptor for advanced glycation 
endproduct. The antibody may be a monoclonal antibody. The 
antibody may be a polyclonal antibody. The fragment of che 
antibody may comprises a Fab or Fc fragment. The fragment 
of the antibody may comprise a complementarity determining 
region . 

In one embodiment, the agent is capable of specifically 
binding to the amyloid- P peptide. In another embodiment, the 
agent is bound to a solid support. In another embodiment, 
the agent is expressed on the surface of a cell . 

The present invention provides for a method for inhibiting 
activation of an NF-kB gene in a cell which comprises 
contacting the cell with an inhibitor of the interaction of 
amyloid-P peptide with a receptor for advanced glycation 
endproduct on the cell so as to inhibit the interation and 
thus inhibit activation of NF-kB in the cell. 

The present invention also provides for a method for 
inhibiting periodontal disease in a subject which comprises 
administering topically to the subject a pharmaceutical 
composition which comprises sRAGE in an amount effective to 
accelerate wound healing and thereby inhibit periodontal 
disease. The pharmaceutical composition may comprise sRAGE 
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The present invention also provides, for a method for 
inhibiting an advanced glycation endproduct 1 s inceraction 
with a receptor for advanced glycation end product when the 
receptor is on the surface of a cell, which comprises 
contacting the cell with an amount of an inhibitor of said 
interaction effective to inhibit interaction of the advanced 
glycation endproduct with the receptor for advanced 
glycation endproduct. The cell may be- an endothelial cell, 
a vascular smooth muscle, cell, a neuronal cell, a 
macrophage, a lymphocyte, a retinal vacular ceil, a retinal 
neuronal cell, a cell associated with gingiva. a cell 
associated with skin, a mesangial cell or a connective 
tissue cell. The advanced glycation endproduct (AGE; may be 
a pentosidine, a carboxymethyliysine , a carboxyethyllysme 
a pyrallines, an imidizalone, a methylglyoxal , an 
ethylglyoxal : 

The present invention also provides for a method for 
treating a subject with a condition associated with an 
interaction of an advanced glycation endproduct with a 
receptor for advanced glycation end product on a cell, which 
comprises administering to the subject an inhibitor capable 
of inhibiting the interaction of the advanced glycation 
endproduct with the receptor for advanced glycation end 
product, the inhibitor being present in an amount effective 
to inhibit the advanced glycation endproduct interaction 
with the receptor, thereby treating the subject. 

The condition may be associated with diabetes. The 
condition may be diabetes, renal failure, hyperlipidemic 
atherosclerosis, associated with diabetes, neuronal 
cytotoxicity, Down's syndrome, dementia associated with head 
trauma, amyotrophic lateral sclerosis, multiple sclerosis, 
amyloidosis, an autoimmune disease, inflammation, a tumor, 
cancer, male impotence, wound healing, periodontal disease, 
neuopathy, retinopathy, nephropathy or neuronal 
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degeneration. The advanced glycation endproduct (AGE) may 
be a pentosidine, . a carboxymethyl lysine, a 
carboxyethyl lysine, a pyrallines, an imidizalone , a 
methylglyoxal, an ethylglyoxal 

The agent or inhibitor of the present invention may comprise 
a peptide having an amino acid sequence corresponding to 
amino acid numbers 1-30 of the V-domain of sRAGE (soluble 
receptor for advanced glycation endproducts* . The sRAGE may 
be human, mouse, rac or bovine sRAGE . The agenc of the 
present invention may be an inhibitor. The agent may 
consist of amino acid numbers 1-30 of the V-domam of sRAGE . 
The agent may consist of amino acid numbers 1-112, which 
comprises the V-domain of a RAGE protein. The agen: may- 
comprise a peptide having an amino acid sequence 
corresponding to the amino acid sequence of a V-dornain of a 
sRAGE linked to a second peptide, wherein the second peptide 
may be an albumin, a globulin or a peptide chosen, from a 
group of peptides, wherein each peptide of the group 
comprises a different length peptide, and wherein the 
sequence of each peptide corresponds to any sequence of 
amino acids taken from within amino acid number 31 through 
amino acid number 281 of the human, bovine, mouse or rat 
sRAGE protien. 

In the present invention the cell may be a neuronal cell, an 
endothelial cell, a glial cell, a microglial cell, a smooth 
muscle cell, a somatic cell, a bone marrow cell, a liver 
cell, an intestinal cell, a germ cell, a. myocyte, a 
mononuclear phagocyte, an endothelial cell, a tumor cell, or 
a stem cell. The present invention may also include cells 
of other types not explicitly listed herein. The cell may 
be any cell in a subject. The cell may be under oxidant 
stress . 

The agent may be a peptide, a peptidomimetic , a nucleic acid 
or a small molecule. The terms "peptide" and "polypeptide" 
are used interchangably throughout. The peptide may be at 
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least a portion of the sequence from amino acid 1 co amino 
acid 30 of sRAGE. The peptide may be a peptide consisting, 
essentially of the amino acid sequence of Sequence I.D. No. 
1, 2, 3, 4 or 5. . The peptide may be smaller than Seq. I.D. 
5 Nos 1 or 2, retaining amino acid regions necessary to mimic 
the binding site of sRAGE. The peptide may comprise amino 
acids 1-112 of a RAGE protein. The peptide may consist 
essentially of the V-domain of a RAGE proein. 

10 The agent may be conjugated to a carrier. The peptide or 
agent may be linked to an antibody, such as a Fab or a Fc 
fragment for specifically targeted delivery. 

The agent may be a soluble V-domam of receptor for advanced 
15 glycation end product. The agent may be capable of 
specifically binding to the amyloid-0 peptide. The agent may 
bind to the amyloid-p peptide at the site where the receptor 
for advanced glycation end product interacts. The agent may 
be a soluble extracellular portion of a receptor for 
20 advanced glycation end product, an antibody or portion 
thereof, wherein the antibody is capable of specifically 
binding to the receptor for advanced glycation endproduct . 
The antibody may be a monoclonal antibody or a polyclonal 
antibody. A portion of the antibody may be a Fab or a 
25 complementarity determining region or a variable region. 

In one embodiment of the invention, the peptide may comprise 
at least a portion of naturally occuring soluble receptor 
for advanced glycation endproduct. The peptide may comprise 

30 a "V" domain of naturally occuring soluble receptor for 
advanced glycation endproduct. The peptide may comprise 
amino acids 1-30 of the V-domain or any amino acid sequence 
of the V-domain of naturally occuring soluble receptor for 
advanced glycation endproduct. The peptide may be soluble 

35 V-domain of sRAGE. The peptide may be soluble V-domain of 
sRAGE . 
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The polypeptide may be a peptidomimetic, a synthetic 
polypeptide or a polypeptide analog. The polypeptide may be 
a non-natural polypeptide which has chirality not: found in 
nature., i.e. D- amino acids or L-amino acids. 

The polypeptide may be a derivative of a natural 
polypeptide, a modified polypeptide, a labelled polypeptide, 
or a polypeptide- which includes non-natural peptides. The 
peptidomimetic may be identified from screening large 
libraries of different compounds which are peptidomimetics 
to determine a compound which is capable of inhibiting 
interaction of an amyloid P peptide with a receptor for 
advanced glycation endproduct . 

The peptide or polypeptide of the present invention may 
comprise alterations to the sequences provided in Sequence 
I.D.Nos 1-5. The peptide of the present invention may 
comprise alterations in sequence which do not affect the 
functionality of the peptide in a negative way, but which 
may increase the functionality of the peptide in a position 
way, e.g. increase* the potency of the peptide. Some 
examples of such alterations to the human sequence of the 
first 30 amino acids (1-30) of the V-domain of sRAGE 
(Sequence I.D, No 1) are listed hereinbelow as examples: 

(a) Substitute D-alanine for L-alanine in position 6 ; 

(b) Substitue D-lysine for L-lysine in position 15; 

(c) Substitute D-alanine for L-alanine in position 6 
and D-lysine for L-lysine in position 15; 

(d) Omit amino acids 1-5 of the V domain, making the 
N-amino end group L- alanine; 

(e) Omit amino acids 1-5 of the V domain making the N- 
amino acid D-alanine; 

(f) Substitute D-lysine for the L-lysine in the amino 
acid number "30 M position of the V domain of 
Sequence I . D . No . 1 ; 

(g) Substitute L-arginine for L-lysine in the 30 
position of the V domain; 

(h) Substitute L-arginine for L-lysine in the 30 
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position of the V domain and add glycine as che 
carboxyl terminal • group to. produce a 31 ammo acid 
peptide; 

(i) Substitute L-arginine for L- lysine in che 30 
5 position of the amino acid peptide containing che 

amino acid sequence of 6-30 described for che V 

domaine of sRAGE ; 
(j) Substitute L-arginine for L-lysine in the 30 

position of the amino acid peptide containing the 
10 amino acid sequence of 6-30 described for che V 

domaine of sRAGE and add glycine as the carboxyl 

terminal group to produce a 25 amino acid sequence 

peptide ; 

(k) Substitute D-lysine for L-iysme m the 30 
15 position of the 6-30 ammo acid sequence 

designated for the V domain; 
(1) Substitute D-lysine for L-lysine in the 30 
position of the 6-30 amino acid sequence 
designated for the V domaine and add L-alanine at 
20 the C-te^minal position of the new 26 amino acid 

peptide; 

(m) Substitute D-valine for L-valine in the 13 
position of the V domaine 30 amino acid peptide 
designated 6-30 of the sRAGE V domain; 
25 ' (n) Substitute D-valine for L-valine in the 13 

position of the 25 amino acid peptide designated 
6-3 0 of the sRAGE V domain; 
(o) Substitute D-alanine for L-alanine in the 6 
position of the 30 amino acid peptide and D-valine 
30 for L-valine in the 13 position of the 30 amino 

acid of the V domain; 
(p) Substitute D-alanine for L-alanine in the 6 
position and D-valine for L-valine in the 13 
position of teh 25 amino acid peptide designated 
35 6-30 of the V domain of sRAGE; 

(q) the above-listed (a) - (p) peptides derivatized 
through the carboxylic acid of position 30 with 
albumin, globulins or different length peptides 
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composed of amino acids contained within positions 
31 through 281 of the human, mouse, rat cr bovine 
s RAGE protein. 

In addition to naturally-occurring forms of polypeptides 
derived from sRAGE, the present invention also embraces 
other polypeptides such as polypeptide analogs of sRAGE 
which have the equivalent f uncationality of the peptide of 
Sequence I.D.No. 1 or a more potent or more positive 
functionality. Such analogs include fragments of sRAGE. 
Following the procedures of the published application by 
Alton et al . (WO 83/04053;, one can readily design and 
manufacture genes coding for microbial expression of 
polypeptides having primary conformations which differ frorr: 
that herein specified for in terms of the identity or 
location of one or more residues (e.g., substitutions, 
terminal and intermediate additions and deletions) . 
Alternately, modifications of cDNA and genomic genes can be 
readily accomplished by well-known site-directed mutagenesis 
techniques and employed to generate analogs and derivatives 
of sRAGE polypeptide. Such products share at least one of 
the biological properties of sRAGE but may differ in others. 
As examples, products of the invention include those which 
are foreshortened by e.g., deletions; or those which are 
more stable to hydrolysis (and, therefore, may have more 
pronounced or longerlast ing effects than naturally- 
occurring; ; or which have been altered to delete or to add 
one or more potential sites for O-glycosylation and/or N- 
glycosylation or which have one or more cysteine residues 
deleted cr replaced by e.g., alanine or serine residues and 
are potentially more easily isolated in active form from 
microbial systems; or which have one or more tyrosine 
residues replaced by phenylalanine and bind more or less 
readily to target proteins or to receptors on target cells. 
Also comprehended are polypeptide fragments duplicating only 
a part of the continuous amino acid sequence or secondary 
conformations within sRAGE, which fragments may possess one 
property of sRAGE and not others. It is noteworthy that 
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activity is riot necessary for any one or more of the 
polypeptides of the invention to have therapeutic utility or 
utility in other contexts, such as in assays of sRAGE 
antagonism. Competitive antagonists may be quite useful in, 
for example., cases of overproduction of sRAGE. : 

Of applicability to polypeptide analogs of che invention are 
reports of the immunological property of synthetic peptides 
which substantially duplicate the amino acid sequence in 
naturally-occurring proteins, glycoproteins and 

nucleoproteins . More specifically, relatively low molecular 
weight polypeptides have been shown tc participate in immune 
reactions which are similar in duration and extent to the 
immune reactions of physiologically-significant proteins 
such as viral antigens, polypeptide hormones, and the like. 
Included among the immune reactions cf such polypeptides is 
the provocation of the formation of- specific antibodies in 
immunologically-active animals [Lerner et ai.. 1981; Ross et 
al., 1981; Walter et al., 1981; Wong et al.. 1982; Baron et 
al. f 1982; Dressman et al . , 1982; and Lerner, Scientific 
American, 1983. See also, Kaiser et al.,.1984] relating to 
biological and immunological properties of synthetic 
peptides which approximately share secondary structures of 
peptide hormones but may not share their primary structural 
conformation 

The polypeptide of the present invention may be a 
pept idomimetic compound which may be at least partially 
unnatural. The peptidomimetic compound may be a small 
molecule mimic of a portion of the amino acid sequence of 
sRAGE . The compound may have increased stability, efficacy, 
potency and bioavailability by virtue of the mimic. 
Further, the compound may have decreased toxicity. The 
peptidomimetic compound may have enhanced mucosal intestinal 
permeability. The compound may be synthetically prepared. 
The compound of the present invention may include L-,D- , 
DL- or unnatural amino acids, alpha, alpha-disubst ituted 
amino acids, N-alkyl amino acids, lactic acid (an 
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isoelectronic analog of alanine) . The peptide backbone of 
the compound may have at least one bond replaced with PSI- 
{CH = CH] (Kempf et al . 1991). The compound may further 
include trifluoro tyrosine , p-Cl -phenylalanine/ p-Br-. 
5 phenylalanine , poly-L-propargylglycine , poly- D , L-allyl 
glycine, or poly-L-allyl glycine. 

One embodiment of the present invention is a peptidomimet ic 
compound, having the biological activity, of preventing 

10 accelerated athersclerosis in a subject wherein the compound 
has a bond, a peptide backbone or an amino acid component 
replaced with a suitable mimic. Examples of unnatural amino 
acids which may be suitable amino acid mimics include (3- 
alanine, L-a-amino butyric acid, L-v-amino butyric acid, L- 

15 or-amino isobutyric acid, L-e-amino caproic acid, 7-amino 
heptanoic acid, L-aspartic acid, L-glutamic acid, cysteine 
(acetamindomethyl) , N-e-Boc-N-a-CBZ-L- lysine , N-e-Boc-N-a- 
Fmoc-L- lysine, L-methionine sulfone, L-norleucine , L- 
norvaline, N-a-Boc-N-SCBZ-L-ornithine , N-5-Boc-N-a-CBZ-L- . 

20 ornithine, Boc-p-nitro-L-phenylalanine , Boc-hydroxyproline , 
Boc-L-thioproline . (Blondelle, et al . 1994; Pinilla, et al. 
1995) . 

In accordance with the method of this invention, the agent 
25 may comprise a peptide, a peptidomimet ic , an organic 
molecule, a carbohydrate, a lipid, an antibody or a nucleic 
acid. The peptide of this invention may comprise an 
advanced glycation endproduct peptide or a portion thereof, 
a receptor for advanced glycation endproduct peptide or a 
30 portion thereof, a soluble receptor for advanced glycation 
endproduct peptide or a portion thereof. The peptide of the 
present invention may comprise any part of the first 112 
amino acids of the sRAGE protein. The peptide of the 
present invention may comprise the V-domain of a soluble 
3 5 RAGE protein. The peptide of the present invention may be 
a smaller portion of the V-domain of a soluble RAGE protein . 
The peptide of the present invention may be a peptide which 
corresponds to the V-domain of human RAGE, mouse RAGE, rat 
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RAGE, bovine RAGE or fish RAGE. 
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In accordance with- the method of this invention, the agent 
may be a peptide (polypeptide) , a peptidomimetic , an organic 
5 molecule, a carbohydrate, a lipid, an antibody or a nucleic 
acid. In the case of polypeptides, the polypeptide may be 
an advanced glycation endproduct (AGE) polypeptide or a 
portion thereof, a receptor for advanced glycation 
endproduct polypeptide or a portion thereof, a soluble 

10 receptor for advanced glycation endproduct polypeptide or a 
portion thereof., e.g.., soluble RAGE, or a recombinant 
polypeptide. The polypeptide may be the v-domain of sRAGE, 
or amino acids 1-30 of the V-domain of sRAGE. The 
polypeptide of this invention may comprise an advanced 

15 glycation endproduct polypeptide or a portion thereof, a 
receptor for advanced glycation endproduct polypeptide or a 
portion thereof, a soluble receptor for advanced glycation 
endproduct polypeptide or a portion thereof. The 
polypeptide of the present invention may comprise any part 

20 of the first 112 amino acids of the sRAGE protein. The 
polypeptide of the present invention may comprise the V- 
domain of a soluble RAGE protein. The polypeptide of the 
present invention may be a smaller portion of the V-domain 
of a soluble RAGE protein. The polypeptide of the present 

25 invention may be a polypeptide which corresponds to the V- 
domain of human RAGE, mouse RAGE, rat RAGE, bovine RAGE or 
fish RAGE. The polypeptide may be synthesized chemically or 
produced by standard recombinant DNA methods. In the case 
of antibodies, the antibody may be an ant i- RAGE antibody or 

30 an ant i -RAGE F(ab f ) 2 fragment. 

One embodiment of this invention is a method for inhibiting 
degeneration of a neuronal cell which includes contacting 
the cell with an agent comprising the V-domain of sRAGE or 
35 a portion thereof, which is capable of inhibiting 
interaction of an amyloid-P peptide with a receptor for 
advanced glycation end product on the surface of the 
neuronal cell. 
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Another embodiment of this invention is a method for' 
inhibiting formation of an amyloid-P peptide fibril on a cell 
which includes contacting the cell with an agent capable of 
inhibiting interaction of an amyloid-P peptide with a 
5 receptor for advanced glycation end product on the surface 
of the cell. In one embodiment, the agent comprises amino 
acid numbers 1-30 of the V-domain of sRAGE. 

Another embodiment of this invention is a mechod for 
10 inhibiting extracellular assembly of an amylcid-p peptide 
into a fibril which includes contacting the amyloid- (3 pepcide 
with an agent capable of innibitmg interaction of an 
amyioid-(3 peptide with another amyioic-f) peptide. 

15 Another embodiment of this invention is a method for 
inhibiting aggregation of amyloid-P peptide on the surface 
of a cell which includes contacting the amyloid-p peptide 
with an agent capable of inhibiting interaction of the 
amyloid-3 peptide with a receptor tor advanced glycation end 

20 product. 

Another embodiment of this invention is a method for 
inhibiting aggregation of amyloid-P peptide on the surface 
of a cell which includes contacting the receptor for 
25 advanced glycation end product with an agent capable of 

inhibiting interaction of the amyloid-p peptide with the 
receptor for advanced glycation end product. 

Another embodiment of this invention is a method for 
30 inhibiting infiltration of a microglial cell into senile 
plaques which includes contacting the microglial cell with 
an agent capable of inhibiting interaction of an amyloid-P 
peptide with a receptor for advanced glycation end product 
on the surface of the microglial cell. 



35 
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Another embodiment of this invention is a ■ method for 
inhibiting activation of a microglial cell by an amyloid-P. 
peptide which includes' contacting the microglial cell with 
an agent capable Of inhibiting interaccion of the amyloid-P 
peptide with a. receptor for advanced glycation end product 
on the surface of the microglial cell. The inhibition of 
activation may include decreased production of cytokines by 
the microglial cell. The interaction may oe binding of the 
amyloid-P peptide to the. receptor for advanced glycation end 
product on the surface of the cell. 

One embodiment of this invention is a method for treating a 
subject with a condition associated with interaction of an 
amyioid-P peptide with a receptor for advanced glycation end 
product on a cell, which comprises administering to the 
subject an agent capable of inhibiting the interaction of 
the amyloid-p peptide with the receptor for advanced 
glycation end product, the agent being present in an amount 
effective to inhibit the amyloid-P peptide interaction with 
the receptor for advanced glycation end product on the cell 
thereby treating the subject. The condition in this 
embodiment may be diabetes, Alzheimer : s Disease, senility,, 
renal failure, hyperlipidemic atherosclerosis. neuronal 
cytotoxicity, Down's syndrome, dementia associated with head 
trauma, amyotrophic lateral sclerosis, multiple sclerosis, 
amyloidosis, autoimmune disease, inflammation, cancer or 
neuronal degeneration. 

The subject may be a mammal or non-mammal. The subject may 
be a mammal or a human. The subject may be a mouse, a cow, 
a monkey, a horse, a pig, or a dog. The subject may be a 
diabetic subject. The subject may be suffering from an 
apolipoprotein deficiency, or from hyper lipidemia . The 
hyperlipidemia may be hypercholesterolemia or 
hypertriglyceridemia. The subject may have a glucose 
metabolism disorder. The subject may be an obese subject. 
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The subject may have genetically-mediated or diet -induced 
hyperlipidemia . AGEs form in lipid-enriched environments 
.even in euglycemia. The subject may be suffering from 
oxidant stress. The subject may be suffering from neuronal 
degeneration or neurotoxicity. 

In another embodiment of the present invention, the method 
may further comprise administering to the subject a 
pharmaceutical^ acceptable carrier during che 
administration of the agent. The administration may 
comprise intralesional , intraperitoneal, intramuscular or 
intravenous injection; infusion; liposome-mediated delivery; 
or topical, nasal, oral, ocular or otic delivery. The agent 
may be linked to a pharmaceut ically acceptable carrier. 

The agenc may be delivered hourly, daily, weekly, monthly, 
yearly (e.g. in a time release form) or as a one time 
delivery. The delivery may be continuous delivery for ai 
period of time, e.g. intravenous delivery. The agent or 
pharmaceutical composition of the present invention may be 
delivered intercranially or into the spinal fluid. 

The effective amount of the agent may comprise from about 
C.OOOOOi mg/kg body weight no about 100 mg/kg body weight. 
In one embodiment., the effective amount may comprise from 
about 0.001 mg/kg body weight to about 50 mg/kg body weight. 
In another embodiment, the effective amount may range from 
about 0.01 mg/kg body weight to about 10 mg/kg body weight. 
The actual effective amount will be based upon the size of 
the agent, the biodegradability of the agent, the 
bioactivity of the agent and the bioavailability of the 
agent. The agent may be delivered topically in a creme or 
salve carrier. It may be reapplied as needed based upon the 
absorbancy of the carrier to the skin or mucosa or wound. 
If the agent does not degrade quickly, is bioavailable and 
highly active, a smaller amount will be required to be 
effective. The effective amount will be known to one of 
skill in the art; it will also be dependent upon the form of 



WO 99/1 8987 PCT/US98/2 1 346 

-26- 
th e agent, the size of the agent and the bioactivity cf che 
agent. One of skill, in the art could routinely perform 
empirical activity tests for a agent to determine che 
bioact ivity . in bioassays and thus determine the effective 
5 amount . 

In this embodiment, the condition may be- associaced with 
degeneration of a neuronal cell in the subject , with 
formation of an amyloid-p peptide fibril, with aggregation 
10 of amyloid-P peptide, with infiltration of a microglial cell 
into a senile plaque, or with activation of a microglial 
ceil by an amyloid-p peptide. wherein the activation 
comprises production of cytokines by the microglial cell. 

15 Another embodiment of this invention is a method for 
evaluating the ability of an agent to inhibit binding cf an 
amyloid-P peptide with a receptor for advanced glycation end 
product on the surface of a cell which includes: a) 
contacting the cell with the agent and amyloid-P peptide; b) 

20 determining the amount of amyloid-p peptide bound to the cell 
and c) comparing the amount of bound amyloid-P peptide 
determined in step b) with the amount determined in the 
absence of the agent, thus evaluating the ability of the 
agent tc inhibit the binding of amyloid-P peptide to the 

25 receptor for advanced glycation end product on the surface 
of the cell. 

In this embodiment, the cell may be contacted with the agent 
and the amyloid-P peptide simultaneously or the cell may be 

30 contacted with the amyloid-p peptide and the agent. The 
agent may be capable of specifically binding to the amylcid-P 
peptide. The agent may bind to amyloid-P peptide at the site 
where the receptor for advanced glycation end product 
interacts. The agent may be a soluble extracellular portion 

35 of a receptor for advanced glycation end product. The agent 
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may be bound to a solid support. The agent may be expressed 
on the surface of a cell. 



Another embodiment of this invention is a method for 
inhibiting activation of an NF-kB gene in a cell which 
comprises contacting the cell with an agent which is capable 
of inhibiting interaction of amyloid-P peptide with a 
receptor for advanced glycation endproducc on the ceil., thus 
inhibiting activation of NF-kB in the cell. 

The present invention provides for a pharmaceutical 
composition which comprises an agent capable of inhibiting 
interaction cf amyloid-p peptide with a receptor for advanced 
giycaticr. endproduct and a pharmaceuc ically acceptable 
carrier. The carrier may be a diluent, an aerosol, a topical 
carrier, an aquous solution, a nonaqueous solution or a 
solid carrier. 

As used herein, the term "oxidant stress" encompasses the 
perturbation of the ability of a cell to ameliorate the 
toxic effects of oxidants. Oxidants may include hydrogen 
peroxide or oxygen radicals that are capable cf reacting 
with bases in the cell including DNA . A ceil under "oxidant 
stress" may undergo biochemical, metabolic, physiological 
and'/or chemical modifications to counter the introduction of 
such oxidants. Such modifications may include lipid 
peroxidation, NF-kB activation. heme oxygenase type I 
induction and DNA mutagenesis. Also, antioxidants such as 
glutathione are capable of lowering the effects of oxidants. 
The present invention provides agents and pharmaceutical 
compositions which are capable of inhibiting the effects of 
oxidant stress upon a cell. The invention also provides 
methods for ameliorating the symptoms of oxidant stress in 
a subject which comprises administering to the subject an 
amount of the agent or pharmaceutical composition effective 
to inhibit oxidant stress and thereby ameliorate the 
symptoms of oxidant stress in the subject. 
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As used herein, the term "neurotoxicity" encompasses the 
negative metaboiic, biochemical and physiological effects on 
a neuronal cell which may result in. a debilitation of the 
neuronal celluar functions. Such functions may include 
memory, learning, perception, neuronal eiectrophysioiogy 
(ie. action potentials, polarizations and synapses ),. synapse 
formation, both chemical and electrical, channel functions, 
neurotransmitter release and detection and neuromotor 
functions. Neurotoxicity may include neuronal cytotoxicity. 

As used herein, the term "neuronal degeneration" encompasses 
a decline in normal functioning of a neuronal cell. Such a 
decline- may include a decline in memory, learning, 
perception. neuronal eiectrophysioiogy (ie. action 
potentials, polarizations and synapses) . " synapse formation, 
both chemical and electrical, channel functions, 
neurotransmitter release and detection and neuromotor 
functions. 

In the practice of any of the methods of the invention or 
preparation of any of the pharmaceutical compositions a 
"therapeutically effective amount" is an amount which is 

capable of inhibiting the binding of an amyloid-0 peptide 
with a receptor for advanced glycation . endproduct . 
Accordingly, the effective amount will vary with the subject 
being treated, as well as the condition to be treated. 

As used herein, the term "suitable pharmaceutical^ 
acceptable carrier" encompasses any of the standard 
pharmaceutical^ accepted carriers, such as phosphate 
buffered saline solution, acetate buffered saline solution 
(a likely vehicle for parenteral administration) , water, 
emulsions such as an oil/water emulsion or a triglyceride 
emulsion, various types of wetting agents, tablets, coated 
tablets and capsules. An example of an acceptable 
triglyceride emulsion useful in intravenous and 
intraperitoneal administration of the compounds is the 
triglyceride emulsion commercially known as Intralipid 0 . 
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When administered orally or topically, such agents and 
pharmaceutical compositions would be delivered using 
different carriers. Typically such carriers contain 
excipients such as starch, milk, sugar, certain . types of 
5 clay, gelatin, stearic acid, talc, vegetable fats or oils, 
gums, glycols, or other known excipients. Such carriers may 
also include flavor and color additives or other 
ingredients. The specific carrier would need to be selected 
based upon the desired method of deliver, e.g., PBS could be 
10 used for intravenous or systemic delivery and vegetable 
fats, creams, salves, ointments cr gels may be used for 
topical delivery. . 

This invention also provides for pharmaceutical compositions 

15 including therapeutically effective amounts of protein 
compositions and/or agents capable of inhibiting the binding 
of an amyloid-p peptide with a receptor for advanced 
glycation endproduct in the subject of the invention 
together with suitable diluents, preservatives, 

20 solubilizers , emulsifiers, adjuvants and/or carriers useful 
in treatment of* neuronal degradation due to aging, a 
learning disability, or a neurological disorder. Such 
compositions are liquids or lyophilized or otherwise dried 
formulations and include diluents of various buffer content 

25 (e.g., Tris-HCl., acetate, phosphate), pH and ionic 
strength, additives such as albumin or gelatin to prevent 
absorption to surfaces, detergents (e.g., Tween 20, Tween 
80, Pluronic FSB, bile acid salts), solubilizing agents 
(e.g., glycerol, polyethylene glycerol), anti-oxidants 

30 (e.g., ascorbic acid, sodium metabisulf ite) , preservatives 
(e.g., Thimerosal, benzyl alcohol, parabens) , bulking 
substances or tonicity modifiers (e.g., lactose, mannitol) , 
covalent attachment of polymers such as polyethylene glycol 
to the agent, complexation with metal ions, or incorporation 

35 of the agent into or onto particulate preparations of 
polymeric agents such as polylactic acid, polglycolic acid, 
hydrogels, etc, or onto liposomes, micro emulsions, 
micelles, unilamellar or multi lamellar vesicles, 
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erythrocyte ghosts, or spheroplasts . Such compositions will 
influence the physical state, solubility, stability, rate cf 
in vivo release, and rate of in vivo clearance of the agent 
or composition. The choice of compositions will depend on 
5 the physical and chemical properties of the agent capable of 
. alleviating the symptoms of the .cognitive disorder of memory 
or the learning disability in the subject. 

The agent of the present invention may be delivered locally 
10 via a capsule which allows sustained release of the agent or 
the peptide over a period of time. Controlled or sustained 
release compositions include formulation in lipophilic 
depots (e.g... fatty acids, waxes., oils.'. Also comprehended 
by the invention are particulate compositions coated v-ith 
15 polymers (e.g., poloxamers or poloxamines) and the agent 
coupled to antibodies directed against tissue- specif ic 
receptors, ligands or antigens or coupled to .iigands of 
tissue-specific, receptors. Other embodiments of the 
compositions of the invention incorporate particulate forms 
20 protective coatings, protease inhibitors or permeation 
enhancers for various routes of administration, including 
parenteral., pulmonary, nasal and oral. 

Portions of the agent of the invention may be "labeled" by 
25 association with a detectable marker substance (e.g., 
radiolabeled with 42 ~I or biotinylated) to provide reagents 
useful in detection and quantification of compound or its 
receptor bearing cells or its derivatives in solid tissue 
and fluid samples such as blood, cerebral spinal fluid or 
30 urine. 

When administered, agents (such as a peptide comprising the 
V-domain of sRAGE) are often cleared rapidly from the 
circulation and may therefore elicit relatively short-lived 
35 pharmacological activity. Consequently, frequent injections 
of relatively large doses of bioactive agents may by 
required to sustain therapeutic efficacy. Agents modified 
by the covaient attachment of water-soluble polymers such as 
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polyethylene glycol, copolymers of polyethylene glycol and 
polypropylene glycol, carboxymethyl cellulose, dexcran, 
polyvinyl alcohol, polyvinylpyrrolidone or polyproline are 
known to exhibit substantially longer half -lives in blood 
5 following intravenous injection than do the corresponding 
unmodified agents (Abuchowski et al., 1981; Newmark et al . , 
1982; and Katre et al., 1987) • Such modifications may also 
increase the agent's solubility in aqueous solution, 
eliminate aggregation, enhance the physical and chemical 
10 stability of the agent, and greatly reduce the 
immunogenicity and reactivity of the agent. As a result, 
the desired in vivo biological activity may be achieved by 
the administration of such polymer-agent adducts less 
frequently or in lower doses than with the unmodified agenc . 

15 

Attachment of . polyethylene glycol (PEG* tc agents is 
particularly useful because PEG has very low toxicity in 
mammals {Carpenter et ai . , 1971). For example, a PEG adduct 
of adenosine deaminase was approved in the United States for 

20 use in humans for the treatment of severe combined 
immunodeficiency syndrome. A second advantage afforded by 
the conjugation of PEG is that of effectively reducing the 
immunogenicity and antigenicity of heterologous compounds. 
For example, a PEG adduct of a human protein might be useful 

25 for the treatment of disease in other mammalian species 
without the risk of triggering a severe immune response. 
The compound of the present invention capable of alleviating, 
symptoms of a cognitive disorder of memory or learning may 
be delivered in a microencapsulation device so as to reduce 

30 or prevent an host immune response against the agent or 
against cells which may produce the compound. The agent of 
the present invention may also be delivered 
microencapsulated in a membrane, such as a liposome. 

35 Polymers such as PEG may be conveniently attached to one or 
more reactive amino acid residues in a protein such as the 
alpha-amino group of the amino terminal amino acid, the 
epsilon amino groups of lysine side chains, the sulfhydryl 
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groups of cysteine side chains., the carboxyl groups of 
aspartyl and glutamyl side chains, the alpha -carboxyl group 
of the carboxy- terminal, amino acid, tyrosine side chains, or 
to activated derivatives of glycosyl chains attached to 
5 certain asparagine, serine or threonine residues. 

Numerous activated forms of PEG suitable for direct reaction 
with proteins have been described. Useful PEG reagents for 
reaction with protein amino groups include active esters of 

10 carboxylic acid or carbonate derivatives, particularly those 
in which the leaving groups are N-hydroxysuccinimide , p- 
nicrophenol . imidazole or 1 -hydroxy- 2 -m trobenzene-4 - 
sulfonate. PEG derivatives containing maleimido or 

haloacetyl groups are useful reagents for the modification 

15 of protein free sulfhydryl groups. Likewise, PEG reagents 
containing amino hydrazine or hydrazide groups are useful 
for reaction with aldehydes generated by periodate oxidation 
of carbohydrate groups in proteins. 

20 Wound Heading 

The peptides and agents of the present invention may be used 
to treat wound healing in subjects. The wound healing may 
be associated with various diseases or conditions. The 

25* diseases or conditions may impair normal wound healing or 
contribute to the existence of wounds which require healing. 
The subjects may be treated with the peptides or agents or 
pharmaceutical compositions of the present invention in 
order to treat slow healing, recalcitrant periodontal 

30 disease, wound healing impairment due to diabetes and wound 
healing impariments due to autoimmune disease. The present 
invention provides compounds and pharmaceutical compositions 
useful for treating impaired wound healing resultant from 
aging. The effect of topical administration of the agent 

35 can be enhanced by parenteral administration of the active 
ingredient in a pharmaceutical^ acceptable dosage form. 



Neurologic Disease 
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The pathologic hallmarks of Alzheimer's disease (AD) are 
intracellular and extracellular deposition of filamentous 
proteins which closely correlates with eventual neuronal 
dysfunction and clinical dementia (for reviews see Goedert, 
1993; Haass et al . , 1994/ Kosik, 1994; Trojanowski et al., 
1994; Wischik, 1989) . Amyloid-p peptide (AP) is the principal 
component of extracellular deposits in AD, both in 
senile/diffuse plaques and in cerebral vasculature. AP has 
been shown to promote neurite outgrowth, generate reactive 
oxygen intermediates (ROIs) , induce cellular oxidant stress, 
lead to neuronal cytotoxicity. and promote microglial 
activation (Behl et al . , 1994; Davis et al . , 1992; Hensley, 
e: al.. 1994; Koh, et al., 1990; Koo ec al . , 1993; Loo et 
al., 1993 ; Meda et al . , 1995; Pike et al . , 1993; Yankner et 
al., 1990). For AP to induce these multiple cellular 
effects, it is likely that plasma membranes present a 
binding protein (s) which engages Ap. In this context, 
several cell-associated proteins, as well as sulfated 
proteoglycans, can interact with Ap. These include: 
substance F receptor, the serpin-enzyme complex (SEC) 
receptor, apolipoprotein E, apolipoprotein J (clustering , 
transthyretin, alpha-1 ant i -chymotrypsin, fe-amyloid 
precursor protein, and sulphonates/heparan sulfates (Abraham 
et al., 1986; Fraser et al . , 1992; Fraser et al . , 19-93; 
Ghiso et al., 1993; Joslin et al., 1991; Kimura et al . , 
1993; Kisilevsky et al., 1995; Strittmatter et al . , 1993a; 
Strittmatter et al . , 1993b; Schwarzman et al., 1994; Snow et 
al., 1994; Yankner et al . , 1990). Of these, the substance 
F receptor and SEC receptor might function as neuronal cell 
surface receptors for AP, though direct evidence for this is 
lacking (Fraser et al . , 1993; Joslin et al., 1991; Kimura et 
al., 1993; Yankner et al . , 1990). In fact, the role of 
substance P receptors is controversial, and it is not known 
whether AP alone interacts with the receptor, or if 
costimulators are required (Calligaro et al., 1993; Kimura 
et al., 1993; Mitsuhashi et al., 1991) and the SEC receptor 
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has yet .to be fully characterized. 
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CLINICAL ASPECTS 

In certain embodiments of the present invention, the subject 
may be suffering from clinical aspects as described 
hereinbelow and as further described in Harper's 
Biochemistry, R.K. Murray, et al . (Editors) 21st Edition, 
(1988) Appelton & Lange, East Norwalk, CT. Such clinical 
aspects may predispose the subject to atherosclerosis or to 
accelerated atherosclerosis. Thus, such subjects would 
benefit from the administration of a polypeptide derived 
from sRAGE in an effective amount over an effective time. 

The subject of the present -invention may demonstrate 
clinical signs of atherosclerosis, hypercholesterolemia or 
other disorders as discussed hereinbelow. 

Clinically, hypercholesterolemia may be treated by 
interrupting the enterohepatic circulation of bile acids. 
It is reported that significant reductions of plasma 
cholesterol can be effected by this procedure, which can be 
accomplished by the use of cholestyramine resin or 
surgically by the ileal exclusion operations. Both 
procedures cause a block in the reabsorpcion of bile acids. 
Then,- because of release from feedback regulation normally 
exerted by bile acids, the conversion of cholesterol to bile 
acids is greatly enhanced in an effort to maintain the pool 
of bile acids. LDL (low density lipoprotein) receptors in 
the liver are up-regulated, causing increased uptake of LDL 
with consequent lowering of plasma cholesterol. 

Cholesterol. Atherosclerosis, and Coronary Heart Digeage 

The peptides, agents and pharmaceutical compositions of the 
present invention may be used as therapeutic agents to 
inhibit symptoms of diseases in a subject associated with 
cholesterol metabolism, atherosclerosis or coronary heart 
disease. Some symptoms of such diseases which may be 
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inhibited or ameliorated or prevented through the 
administration of the agents and pharmaceutical compositions 
of the present invention are discussed hereinbelow. For 
example, the agents and pharmaceutical compositions of the 
5 present invention may be administered to a subject suffering 
from symptoms of coronary heart disease in order to protect 
the integrity of the endothelial cells of the subject and 
thereby inhibit the symptoms of the coronary heart disease. 

10 Many investigators have demonstrated a correlation between 
raised serum lipid levels and the incidence of coronary 
heart disease and atherosclerosis in humans. Of the serum 
lipids, cholesterol has been the one most often singled out 
as being chiefly concerned in the relationship. However, 

15 other parameters such as serum triacylglycerol concentration 
show similar correlations. Patients with arterial disease 
can have any one of the following abnormalities: (l; 
elevated concentrations of VLDL (very low density 
lipoproteins) with normal concentrations of LDL; (2) 

20 elevated LDL with Normal VLDL; (3) elevation of both 
lipoprotein fractions. There is also an inverse 

relationship between HDL (high density lipoproteins) (HDL,) 
concentrations and coronary heart disease, and some consider 
that the most predictive relationship is the LDL: HDL 

25 cholesterol ratio. This relationship is explainable in 
terms of the proposed roles of LDL in transporting 
cholesterol to the tissues and of HDL acting as the 
scavenger of cholesterol . 



Atherosclerosis is characterized by the deposition of 
cholesterol and cholesteryl ester of lipoproteins containing 
apo-B-100 in the connective tissue of the arterial walls. 
Diseases in which prolonged elevated levels of VLDL, IDL, or 
LDL occur in the blood (e.g., diabetes, mellitus, lipid 
nephrosis, hypothyroidism, and other conditions of 
hyperlipidemia) are often accompanied by premature or more 
sever atherosclerosis. 
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• Experiments on. the induction of atherosclerosis in animals 
indicate a wide species variation in susceptibility. The 
rabbit, pig, monkey, and humans are species in which 
atherosclerosis can be induced by feeding cholescerol . The 
5 rat, dog, mouse and cat are resistant. Thyroidectomy or 
treatment with thiouracil drugs will, allow induction of 
atherosclerosis in the dog and rat. Low blood cholesterol 
is a characteristic of hyperthyroidism. 

10 Hereditary factors play the greatest role in determining 
individual blood cholesterol concentrations, but of the 
dietary and environmental factors that lower blood 
cholescerol.. the substi tution in the diet of polyunsaturated 
fatty acids for some of the saturated ratty acids has been 

15 • the most intensely studied. 

Naturally occurring oils that contain a high proportion of 
linoleic acid are beneficial in lowering plasma cholesterol 
and include peanut , cottonseed, corn, and soybean oil 
20 whereas butterfat, beef fat, and coconut oil, containing a 
high proportion of saturated fatty acids, raise the level. 
Sucrose and fructose have a greater effect in raising blood 
lipids, particularly triacylglycerols , than do other 
carbohydrates . 

25 

The reason for the cholesterol- lowering effect of 
polyunsaturated fatty acids is still not clear. However, 
several hypotheses have been advanced to explain the effect, 
including the stimulation of cholesterol excretion into the 

30 intestine and the stimulation of the oxidation of 
cholesterol to bile acids. It is possible that cholesteryl - 
esters of polyunsaturated fatty acids are more rapidly 
metabolized by the liver and other tissues, which might 
enhance their rate of turnover and excretion. There is 

35 other evidence that the effect if largely due to a shift in 
distribution of cholesterol from the plasma into the tissues 
because of increased catabolic rate of LDL. Saturated fatty 
acids cause the formation of smaller VLDL particles that 
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contain relatively more cholesterol, and they are utilized 
by extrahepatic tissues at a slower rate than are larger 
particles. All of these tendencies may be regarded as 
atherogenic . 

5 

Additional factors considered to play a part in coronary 
heart disease include high blood pressure, smoking, obesity, 
lack of exercise, and drinking soft as opposed to hard 
water. Elevation of plasma free fatty acids will also lead 

10 to increase VLDL secretion by the liver, involving extra 
triacylglycerol and cholesterol output into the circulation. 
Factors leading to higher or fluctuating levels of free 
fatty acids include emotional stress, nicotine from 
cigarette smoking, coffee drinking, and partaking of a few 

15 large meals rather than more continuous feeding. 

Premenopausal women appear to be protected against many of 
these deleterious factors, possibly because they have higher 
concentrations of HDL than do men and postmenopausal women. 

20 Hypolipidemic Drugs 

When dietary measures fail to achieve reduced serum lipid 
levels, the use of hypolipidemic drugs may be resorted co. 
Such drugs may be used in conjunction with the agents and 

25 pharmaceutical compositions of the present invention, i.e., 
such drugs may be administered to a subject along with the 
agents of the present invention. Several drugs are known to 
block the formation of cholesterol at various stages in the 
biosynthetic pathway. Many of these drugs have harmful 

30 effects, but the fungal inhibitors of HMG-CoA reductase, 
compactin and mevinolin, reduce LDL cholesterol levels with 
few adverse effects. Sitosterol is a hypocholesterolemic 
agent that acts by blocking the absorption of cholesterol in 
the gastrointestinal tract. Resins such as colestipol and 

35 cholestyramine (Questran) prevent the reabsorption of bile 
salts by combining with them, thereby increasing their fecal 
loss. Neomycin also inhibits reabsorption of bile salts. 
Clofibrate and gembivrozil exert at least part of their 
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hypolipidemic effect by diverting the hepatic flow of free 
fatty acids from the pathways of esterif ication into these 
of oxidation, thus decreasing the secretion of 
triacylglycerol and cholesterol containing VLDL by the 
5 liver. In addition, they facilitate hydrolysis of VLDL 
triacylglycerols by lipoprotein lipase. Probucol appears to 
increase LDL catabolism via receptor- independent pathways. 
Nicotinic acid reduces the flux of FFA by inhibiting adipose 
tissue lipolysis, thereby inhibiting VLDL production by the 
1C liver. 

Disorders of the Plasma Lipoproteins (Dysiipoproteinemias 
A few individuals in the population exhibit inherited 
def ecus in nheir lipoproteins, leading zc the primary 

15 condition of whether hypo- or hyperlipoproteinemia. Many 
others having defects such as diabetes mellitus, 
hypothyroidism, and atherosclerosis show abnormal 
lipoprotein patterns that are very similar to one or another 
of the primary inherited conditions. Virtually ail of these 

20 primary conditions are due to a defect at one or another 
stage in the course of lipoprotein formation, transport, or 
destruction. Not all of the abnormalities are harmful. 

Hvpolipop roteinemia : 

25 1. Abetalipoproteinemia - This is a rare inherited disease 
characterized by absence of P~ lipoprotein (LDL) in plasma. 
The blood lipids are present in low concentrations- - 
especially acylglycerols, which are virtually absent, since 
no "chylomicrons or VLDL are formed. Both the intestine and 

30 the liver accumulate acylglycerols . Abetalipoproteinemia is 
due to a defect in apoprotein B synthesis. 

2. Familial hypobe t a 1 ipopr o t e i nemi a - In 

hypobetalipoproteinemia, LDL concentration is between 10 and 
35 50% of normal, but chylomicron formation occurs. It must be 
concluded that apo-B is essential for triacylglycerol 
transport. Most individuals are healthy and long-lived. 
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3. Familial* alpha-lipoprotein deficiency (Tangier disease) - 
In the homozygous individual, there is near absence of 
plasma HDL and accumulation of cholesteryl esters in the 
tissues. There is no impairment of chylomicron formation or 
5 secretion of VLDL by the liver. However, on 

electrophoresis, there is no pre~P- lipoprotein , but a broad 
P-band is found containing the endogenous triacylglycerol . 
This is because the normal pre~P-band contains other apo- 
proteins normally provided by HDL. Patients, tend to develop 
10 hypertriacylglycerolemia as a result of the absence of ape- 
C-II, which normally activates lipoprotein lipase. 

Hyperlipoproteinemia- 

1. Familial lipoprotein lipase deficiency (type I}- This 
15 condition is characterized by very slow clearing of 
chylomicrons from the circulation, leading to abnormally 
raised levels of chylomicrons. VLDL may be raised, but 
there is a decrease in LDL and HDL. Thus, the condition is 
fat -induced. It may be corrected by reducing the quantity 
20 of fat and increasing the proportion of complex carbohydrate 
in the diet. A variation of this disease is- caused by a 
deficiency in apo-C-II, required as a cof actor for 
lipoprotein lipase. 

25 2. Familial hypercholesterolemia (type ID- Patients are 
characterized by hyperbetalipoproteinemia (LDL) , which is 
associated with increased plasma total cholesterol. There 
may also be a tendency for the VLDL to be elevated in type 
lib. Therefore, the patient may have somewhat elevated 

30 triacylglycerol levels but the plasma- -as is not true in the 
other types of hyperlipoproteinemia- -remains clear. Lipid 
deposition in the tissue (e.g., xanthomas, atheromas) is 
common. A type II pattern may also arise as a secondary 
result of hypothyroidism. The disease appears to be 

35 associated with reduced rates of clearance of LDL from the 
circulation due to defective LDL receptors and is associated 
with an increased incidence of atherosclerosis. Reduction 
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of dietary cholesterol and saturated fats may be of use in 
treatment. A disease producing hypercholesterolemia but due 
to a different cause is Wolman's disease (cholesteryl ester 
storage disease) . This is due tc a deficiency of 
5 cholesteryl ester hydrolase in lysosomes of cells such as 
fibroblasts . that normally metabolize LDL . 

3. Familial type III hyperlipoproteinemia (broad beta 
disease, remnant removal disease, familial 

dysbetalipoproteinemia) - This condition is characterized by 
an increase in both chylomicron and VLDL remnant; these are 
lipoproteins of density less than 1.019 but appear as a 
broad p-band on electrophoresis (P-VLDL) . They cause 
hypercholesterolemia and hypertr lacy Iglyceroiemia . 

Xanthomas and atherosclerosis of both peripheral and 
coronary arteries are present. Treatment by weight 
reduction and diets containing complex carbohydrates, 
unsaturated fats, and little cholesterol is recommended. 
The disease is due to a deficiency in remnant metabolism by 
the liver caused by an abnormality in apo-E, which is 
normally present in 3 isoforms. E2. E3 , and E4 . Patients 
with type III hyperlipoproteinemia possess only E2 , which 
does not react with the E receptor. 

25 4. Familial hypertriacylglycerolemia (type IV) -This 

condition is characterized by high levels of endogenously 
produced triacylglycerol ( VLDL) . Cholesterol levels rise in 
proportion to the hypertriacylglycerolemia, and glucose 
intolerance is frequently present. Both LDL and HDL are 

30 subnormal in quantity. This lipoprotein pattern is also 
commonly associated with coronary heart disease, type II 
non-insulin-dependent diabetes mellitus, obesity, and many 
other conditions, including alcoholism and the taking of 
progestational hormones. Treatment of primary type IV 

35 hyperlipoproteinemia is by weight reduction; replacement of 
soluble diet carbohydrate with complex carbohydrate, 
unsaturated fat, low-cholesterol diets; and also 
hypolipidemic agents. 
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5. Familial type V hyperlipoproteinemia - The lipoprotein 
pattern is complex, since both chylomicrons and VLDL are 
elevated, causing both triacylglycerolemia and 
cholesterolemia . Concentrations of LDL and HDL are low. 

5 Xanthomas are frequently present, but the incidence of 
atherosclerosis is apparently not striking. Glucose 
tolerance is abnormal and frequently associated with obesity 
and diabetes. The reason for the condition, which is 
familial, is not" clear. Treatment has consisted of weight 
10 reduction followed by a diet not too high in either 
carbohydrate or fat. 

It has been suggested that a further cause of 
hypolipoproteinemia is overproduction of apo-B, which can 
15 influence plasma concentrations of VLDL and LDL. 

6. Familial hyperalphalipoproteinemia - This is a rare 
condition associated with increased concentrations of HDL 
apparently beneficial to health. 

20 

Familial Lecit.hin: ChplesterQl Acyjtransf erase LLG&Xl 

Deficiency : In affected subjects, the plasma concentration 
of cholesteryl esters and lysolecithin is low, whereas the 
concentration of cholesterol and lecithin is raised. The 

25 plasma tends to be turbid. Abnormalities are also found in 
the lipoproteins. One HDL fraction contains disk-shaped 
structures in stacks or rouleaux that are clearly nascent 
HDL unable to take up cholesterol owing to the absence of 
LCAT. Also present as an abnormal LDL subfraction is 

30 lipoprotein-X, otherwise found only in patients with 
cholestasis. VLDL are also abnormal, migrating as P- 

lipoproteins upon electrophoresis (P-VLDL) . Patients with 
parenchymal liver disease also show a decrease of LCAT 
activity and abnormalities in the serum lipids and 
35 lipoproteins. 



WO 99/18987 PCT/US98/21346 

-42- 

Pharmaceutical c arriers 

In one preferred embodiment the pharmaceutical carrier may 
be a liquid and the pharmaceutical composition would be in 
the form of a solution. In another equally preferred 
embodiment, the pharmaceutically acceptable carrier is a 
solid and the composition is in the form of a powder or 
tablet. In a further embodiment, the pharmaceutical carrier 
is a gel and the composition is in the form of a suppository 
or cream. In a further embodiment the active ingredient may 
be formulated as a part of a pharmaceutically acceptable 
transdermal pacch . 

A solid carrier can include one or more substances which may 
also act as flavoring agents,, lubricants, solubiiizers , 
suspending agents, fillers, glidants. compression aids, 
binders or tablet-disintegrating agents; it can also be an 
encapsulating material. In powders, the carrier is a finely 
divided solid which is in admixture with the finely divided 
active ingredient. In tablets, the active ingredient is 
mixed with a carrier having the necessary compression 
properties in suitable, proportions and compacted in :he 
shape and size desired. The powders and tablets preferably 
contain up to 99% of the active ingredient. Suitable solid 
carriers include, for example, calcium phosphate, magnesium 
stearate. talc, sugars, lactose, dextrin, starch, gelatin, 
cellulose, poiyvinylpyrrolidine , low melting waxes and ion 
exchange resins. 

Liquid carriers are used in preparing solutions, 
suspensions, emulsions, syrups, elixirs and pressurized 
compositions. The active ingredient can be dissolved or 
suspended in a pharmaceutically acceptable liquid carrier 
such as water, an organic solvent, a mixture of both or 
pharmaceutically acceptable oils or fats. The liquid 
carrier can contain other suitable pharmaceutical additives 
such as solubiiizers, emulsifiers, buffers, preservatives, 
sweeteners, flavoring agents, suspending agents, thickening 
agents, colors, viscosity regulators, stabilizers or osmo- 
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regulators. Suitable examples of liquid carriers for oral 
and parenteral administration include water (partially 
containing additives as above, e.g. cellulose derivatives / 
preferably sodium carboxymethyl cellulose solution) , 
5 alcohols (including monohydric alcohols and polyhydric 
alcohols, e.g. glycols) and their derivatives, and oils 
(e.g. fractionated coconut oil and arachis oil). For 
parenteral administration, the carrier can also be an oily 
ester such as ethyl oleate and isopropyl myristate. Sterile 
10 liquid carriers are useful in sterile liquid form 
compositions for parenteral administration. The liquid 
carrier for pressurized compositions can be halogenated 
hydrocarbon or other pharmaceutically acceptable propellent. 

IS Liquid pharmaceutical compositions which are sterile 
solutions or suspensions can be utilized by for example, 
intramuscular, intrathecal, epidural, intraperitoneal or 
subcutaneous injection. Sterile solutions can also be 
administered intravenously. The active ingredient may be 

20 prepared as a sterile solid composition which may be 
dissolved or suspended at the time of administration using 
sterile water, saline, or other appropriate sterile 
injectable medium. Carriers are intended tc include 
necessary and inert binders, suspending agents, lubricants, 

25 flavorants, sweeteners, preservatives, dyes, and coatings. 

The active ingredient of the present invention (e.g., the V- 
domain polypeptide derived from sRAGE, or composition 
thereof) can be administered orally in the form of a sterile 

30 solution or suspension containing other solutes or 
suspending agents, for example, enough saline or glucose to 
make the solution isotonic, bile salts, acacia, gelatin, 
sorbitan monoleate, polysorbate 80 (oleate esters of 
sorbitol and its anhydrides copolymerized with ethylene 

35 oxide) and the like. 

The active ingredient can also be administered orally either 
in liquid or solid composition form. Compositions suitable 
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for oral administration include solid forms, such as pills, 
capsules, granules, tablets, and powders, and liquid forms, 
such as solutions, syrups, elixirs, and suspensions. Forms 
useful for parenteral administration include sterile 
solutions, emulsions, and suspensions. 

Atherosclerosis 

In one embodiment of the present invention, the subject may 
be predisposed to atherosclerosis. This predisposition may 
include genetic predisposition, environmental 
predisposition, metabolic predisposition or physical 
predisposition. There have been recent reviews of 

atherosclerosis and cardiovascular disease. For example: 
Keating and Sanguinetti, (May 1996J Molecular Genetic 
Insights into Cardiovascular Disease, Science 272:681-685 is 
incorporated by reference in its entirety into the present 
application. The authors review the application of 
molecular tools to inherited forms of cardiovascular disease 
such as arrhythmias, cardiomyopathies, and vascular disease. 
Table 1 of this reference includes cardiac diseases and the 
aberrant protein associated with each disease. The diseases 
listed are: LQT disease, familial hypertrophic 
cardiomyopathy; duchenne and Becker muscular dystrophy; 
Barth syndrome Acyl-CoA dehydrogenase deficiencies; 
mitochondrial disorders ; familial hypercholesterolemia ; 
hypobetalipoproteinemia; homocystinuria ; Type III 
hyperlipoproteinemia; supravalvular aortic stenosis; Ehler- 
Danlos syndrome IV; Marfa syndrome; Heredity hemorrhagic 
telangiectasia. These conditions are included as possible 
predispositions of a subject for atherosclerosis. 

Furthermore, mouse models of atherosclerosis are reviewed in 
Breslow (1996) Mouse Models of Atherosclerosis, Science 
272:685. This reference is also incorporated by reference 
in its entirety into the present application. Breslow also 
includes a table (Table 1) which recites various mouse 
models and the atherogenic stimulus. For example, mouse 
models include C57BL/6; Apo E deficiency; ApoE lesion; ApoE 
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R142C; LDL receptor deficiency; and HuBTg. One embodiment 
of the present invention is wherein a subject has a 
predisposition to atherosclerosis as shown by the mouse 
models presented in Breslow's publication. 

Gibbons and Dzau review vascular disease in Molecular 
Therapies for Vascular Disease, Science Vol. 272 , pages 689- 
693. In one embodiment of the present invention, the 
subject may manifest the pathological events as described in 
Table 1 of the Gibbons and Dzau publication. For example, 
the subject may have endothelial dysfunction, endothelial 
injury, cell activation and phenotypic modulation, 
dysregulated cell growth, dysregulated apoptosis, 
thrombosis, plaque rupture, abnormal cell migration or 
extracellular or intracellular matrix modification. 

In another embodiment of the present invention, the subject 
may have diabetes. The subject may demonstrate 

complications associated with diabetes. Some examples of 
such complications include activation of endothelial and 
macrophage AGE receptors, altered lipoproteins, matrix, and 
basement membrane proteins; altered contractility and 
hormone responsiveness of vascular smooth muscle; altered 
endothelial cell permeability; sorbitol accumulation; neural 
myoinositol depletion or. altered Na-K ATPase activity. Such 
complications are discussed in a recent publication by Porte 
and Schwartz, Diabetes Complications: Why is Glucose 
potentially Toxic?, Science, Vol. 272, pages 699-700. 

This invention is illustrated in the Experimental Details 
section which follows. These sections are set forth to aid 
in an understanding of the invention but are not intended 
to, and should not be construed to, limit in any way the 
invention as set forth in the claims which follow 
thereafter. 
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EXPERIMENTAL DETAILS 

Example 1: The First 3 0 Amino Acids of the V-type Domain of 
Extracellular Soluble (sRAGE) Mediates its Interactions with 

5 Advanced Glycation Endproducts (AGEs) And Amyloid- 0 Peptide 

The extracellular domain of . RAGE (Receptor for Advanced 
Glycation Endproducts) contains one "V-type domain followed 
by two "C'-type immunoglobulin domains. This portion of the 

10 molecule,, called soluble or sRAGE , mediates the interaction 
of Advanced Glycation Endproducts (AGEs) and amyloid- [3- 
peptide with the cell surface receptor. sRAGE binds up AGEs 
or amyloid-P-peptide and interferes with the ability of these 
ligands to interact with, and activate, cellular RAGE on a 

15 range of cell types. In vivo, administration of sRAGE 
suppresses accelerated atherosclerosis in a murine model of 
accelerated diabetic vascular disease in apolipoprotein E 
null mice and ameliorates impaired wound healing in 
genetically-diabetic db+/db+ mice. In order to delineate 

20 which portion of sRAGE mediates these interactions with 
either AGEs cr amyloid-P-peptide, a series of DNA constructs 
(including DNA coding for the V-domain, the Cl-domain or the 
C2-domain) were generated along with a series of peptides 
representing sequences throughout the three domains. The 

25 data herein indicate that the ligand-binding domain for both 
AGEs and amyloid-P-peptide in sRAGE lies within the first 3 0 
amino acids of the V-domain. Moreover, the data indicate 
that the Cl-domain or the C2 -domain or peptide sequences 
within those domains do not mediate the interaction of these 

30 ligands with sRAGE . These data indicate that the first 30 
amino acids of sRAGE may represent an important target for 
drug identification, screening and development to treat 
diseases in which AGEs accumulate, such as the complications 
of diabetes, as well as Alzheimer's disease. 

35 

RAGE (Receptor for AGE) was first identified as a cellular 
interaction site for the interaction of Advanced Glycation 
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Endproducts' (AGEs) , the products of irreversible 
nonenzymatic glycation and oxidation of proteins/lipids, 
which accumulate during normal aging, diabetes as well as in 
renal failure and amyloidoses (Ruderman et al . . 1992; 
Baynes, 1991; Sell et al . , 1989; Brownlee et al . , 1988; 
Hicks et al . , 1988). RAGE (Schmidt et al., 1992; Neeper et 
al . , 1992) is a member of the immunoglobulin superfamily of 
cell surface molecules whose extracellular portion contains 
one '"V'-type domain followed by two w C n -type immunoglobulin 
domains. The putative hydropathy plot further predicts that 
this extracellular portion is preceded by an approximately 
22 amino acid leader peptide, and is followed by a putative 
hydrophobic transmembrane spanning domain, and lastly by a 
highly-charged cytosolic domain (Neeper et al., 1992:. RAGE 
is remarkably conserved among the species examined thus far 
(bovine, human, mouse and rat) (Neeper et al . , 1992;, with 
greater than 90% homology observed at both the nucleic acid 
and amino acid levels. 

RAGE as a receptor for Advanced Glycation Endproducts 
(AGEs) . Previous studies have demonstrated that RAGE is 
present on cell types that are specific targets in the 
pathogenesis of complications in diabetes, specifically 
endothelial cells, vascular smooth muscle cells, 
macrophages, mesangial cells, vascular and neural cells of 
the retina, as well as neurons (in the central and 
peripheral nervous system) (Brett et al . , 1993). In this 
context, the interaction of AGEs with RAGE results in a 
number of alterations in vascular and inflammatory cell 
phenotype, all of which are likely important in the 
pathogenesis of diabetic and aging complications (Schmidt et 
al., 1993; Schmidt et al . , 1994; Schmidt et al . , 1995; 
Wautier et al . , 1996; Yan et al., 1994; Miyata et ai . , 1996; 
Lander et al., 1997)). For example, AGE-RAGE interaction 
results in enhanced migration and activation of macrophages 
(Schmidt et al., 1993), increased expression of Interleukin- 
6 in the livers of AGE-treated mice (Schmidt et al . , 1994), 
enhanced expression of Vascular Cell Adhesion Molecule -1 by 
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the vascular endothelium (Schmidt et al . , 1995) , vascular 
hyper-permeability (Wautier et al . . 1996) and enhanced 
cellular oxidant stress (Yan et al . , 1994, Miyata et al., 

1996) . A central .means by which AGE-RAGE interaction 
imparts these effects is via activation of oxidant -sensitive 
pathways including P 21 ras and MAP kinases (Lander et al . , 

1997) . 

The effects of AGE-RAGE interaction are largely blocked by 
pretreatment of a cell culture system or live mice with an 
anti-RAGE compound composed of the "V" domain and two "C-type 
domains (Schmidt et al., 1993; Schmidt et al . , 1994; Schmidt 
et al., 1995; Wautier et al . , 1996; Yan et al . , 1994 ; Miyata 
et al., 1996; Lander et al . , 1997). Furthermore, in recent 
studies, treatment of diabetic mice with sRAGE ameliorated 
impaired wound healing in a full-thickness excisional model 
(Wu et al., 1997) and suppressed accelerated diabetic 
atherosclerosis in apolipoprotein E null mice rendered 
diabetic with streptozotocin (Park et al., 1997). 

RAGE as a receptor for amyloid-beta peptide. Amyloid -beta 
peptide is an important pathogenetic species in the 
development of neuronal toxicity in Alzheimer's disease (Yan 
et al., 1996). RAGE was identified as a central interaction 
site for amyloid-beta peptide on neurons; the interaction of 
which results in enhanced oxidant stress, neuronal 
cytotoxicity and expression of macrophage colony stimulating 

factor (Yan et al., 1996; Yan et al . , 1997). These effects, 
as in the case of AGEs, are blocked in cell culture models 

in the presence of either anti-RAGE IgG or sRAGE (Yan et 

al. , 1996; Yan et al . , 1997) . 

Therefore, the purpose of the studies outlined below was to 
delineate the precise interaction site of AGEs and amyloid- 
beta peptide with sRAGE as a means of understanding how 
sRAGE imparts its beneficial effects. Ultimately, the 
results of these studies are be most useful in the 
development of drugs designed to treat disorders in which 



WO 99/18987 PCT/US98/21346 

-49- 

AGEs accumulate, such as the complications of diabetes, as 
well as Alzheimer's disease. 

Materials. Advanced Glycation Endproduccs (AGEs) were 
prepared as previously described (Schmidt et al . , 1992; 
Neeper et al . , 1992) using materials obtained from SIGMA®. 
Amyloid-beta peptide (1-42) was purchased from Quality 
Control Biochemicals. All peptides were prepared according 
to the human sequence (Neeper et al., 1992) by Quality 
Control Biochemicals. 

Constructs . The GST-fusion protein system was utilized co 
prepare soluble V-domain, and soluble CI and C2- domains 
according to the manufacturer's instructions ( PHARMACIA' 4 ! . 



Binding Assays . AGE bovine serum albumin (5ug) was loaded 
onto the wells of a NUNC® Maxisorp dish in sodium 
bicarbonate /sodium carbonate buffer (pH 9.8) overnight at 4 C 
C. The following morning, wells were aspirated and blocked 
with phosphate buffered saline (with calcium/magnesium) 
containing bovine serum albumin (1%) for two hrs at 37° C. 
Wells were then washed once with phosphate buffered saline 
(without calcium/magnesium) containing TWEEN® 20 (20%) ; 
0.150 ml/well. A radiological binding assay was then 
performed in phosphate buffered saline containing 0.2% 
bovine serum albumin for 2 hrs at 37° C. Utilizing 
radiolabeled ( 12i I; using Iodogen (PIERCE®)) full length 
soluble RAGE (lOOnM; specific activity 7, 000-8 , OOOcpm/ng) in 
the presence or absence of unlabeled soluble RAGE (50X molar 
excess) or the indicated molar excess of domain or peptide. 
Wells were then eluted after washing as above with buffer 
containing NP-40 (1%) and NaCl (0.15M). The material 
retrieved was then counted in a gamma counter (LKB®) . In 
experiments with amyloid-beta peptide, amyloid-beta peptide 
1-42 (5/zg) was loaded onto the wells of a NUNC® Maxisorp 
dish in sodium bicarbonate/sodium carbonate buffer (pH 9.8) 
overnight at 4°C. The following morning, wells were 
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aspirated and blocked with phosphate buffered saline 
(without calcium/magnesium) containing bovine serum albumin 
(1%) for two hrs at 37°C. Binding assay was then performed 
in phosphate buffered saline containing 0.2% bovine serum 
albumin for 2 hrs at 37° C utilizing radiolabeled ( i25 I; using 
Iodogen (PIERCE®)) full length soluble RAGE 950nM; specific 
activity 7 , 000 -8 , OOOcpm/ng) in the presence or absence of 
unlabeled soluble RAGE (molar excess indicated below) or che 
indicated molar excess of domain or peptide. Wells were 
then eluted after washing as above with buffer containing 
NP-40 (1%) and NaCl (0.15 M) . The material retrieved was 
then counted in a gamma counter as above. 

RESULTS 

Interaction of AGEs with sRAGE . The first experiments 
sought to determine which of the three extracellular domains 
comprising sRAGE interacted with AGEs. Radioligand binding 
assays revealed that while unlabeled soluble RAGE (full- 
length) competed for binding of radiolabeled sRAGE with 
immobilized AGE by 83%, unlabeled V-domain competed 89%, 
while Ci and C2 domains were without effect (30% and 19% 
competition, respectively) , when all unlabeled competitors 
were utilized at a 50 -fold molar excess (Table 1) . These 
data indicated that only V-domain appeared to mediate the 
interaction with AGEs. These effects of unlabeled V-domain 
were dose -dependent ; at an 100-fold molar excess 80% 
competition was observed. This was reduced to 53% at a 
12.5-fold molar excess and to no competition (0) at a 1.56- 
fold molar excess of unlabeled V-domain (Table II) . A 
series of peptides was then prepared comprising different 
portions of the V-domain of sRAGE. These data indicated 
that at 50-fold molar excess, essentially no competition was 
obtained using the following peptides (peptides consisting 
of amino acid numbers of sRAGE : 1-13, 18-28, 31-60, and 46- 
60; Table III) . Control peptides from CI and C2 domains 
were also utilized (peptides consisting of amino acid 
numbers of sRAGE: 157-169 and 270-281, respectively) which 
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had no effect (Table III) . However, peptides consisting of 
amino acid numbers 1-30 and 16-30 of the V-domain did 
inhibit the binding of radiolabeled sRAGE to immobilized 
AGE . At a 50-fold molar excess, the peptide consisting of 
amino acid numbers 1-30 of sRAGE inhibited the binding by 
78%, at a 25-fold molar excess, the peptide consisting of 
amino acid numbers 1-30 of sRAGE inhibited the binding by 
76% and at a 1-fold molar excess there was nc (0) 
competition (Table III) . At a 50-fold molar excess, a 
peptide consisting of amino acid numbers 16-30 of sRAGE 
inhibited the binding of radiolabeled sRAGE to immobilized 
AGE by 73%, at a 25-fold molar excess, a peptide consisting 
of amino acids 16-30 of sRAGE inhibited the binding by 20% 
and at a 1-fold molar excess, there was no competition 

(Table III) . Smaller peptides were than prepared {peptides 
consisting of amino acid numbers 1-25 and 10-25 of sRAGE) in 
an effort to further delineate the precise binding site. 
Even at a 50-fold molar excess, an unlabeled peptide 
consisting of amino acid numbers 1-25 of sRAGE only 
inhibited the binding of radiolabeled sRAGE to immobilized 
AGE by 31% and an unlabeled peptide consisting of amino acid 
numbers 10-25 of sRAGE only had a 26% competitive effect 

(Table III) . These data suggest that the peptide consisting 
of amino acid numbers 1-30 of sRAGE is an effective 
competitor of the binding of sRAGE to immobilized AGE. 

Interaction of amyloid-beta peptide with sRAGE. It was 
first determined which of the three extracellular domains 
comprising sRAGE interacted with amyloid-beta peptide. 
Radioligand binding assays revealed that while unlabeled 
soluble RAGE (full-length) competed for binding of 
radiolabeled sRAGE with immobilized amyloid-beta peptide by 
80%, unlabeled V-domain competed 71.4%, while CI and C2 
domains were without effect (15.2% and 21.4% competition, 
respectively) , when all unlabeled competitors were utilized 
at a 100- fold molar excess (Table IV) . These data indicated 
that only V-domain appeared to mediate the interaction with 
amyloid-beta peptide. These effects of unlabeled V-domain 
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were dose-dependent; at a 100- fold molar excess, 72.5% 
competition was observed. At a 50-fold molar excess, 41.4% 
competition was observed. This was reduced to 34% at a 25- 
fold molar excess and to insignificant competition (3.9%) at. 
a 10-fold molar excess of unlabeled V-domain (Table V) . A 
series of peptides was then prepared comprising different 
portions of the V-domain of sRAGE . These data indicated 
that at an 100-fold molar excess, essentially no competition 
was obtained using peptides consisting of the the following 
amine acids of sRAGE : 1-13, 18-28, 31-60, and 46-60 (Table 
VI) . Control peptides from CI and C2 domains were also 
utilized (peptides consisting of amino acid numbers 157-169 
and 270-281 of sRAGE , respectively) which had no effect 
(Table VI). However, peptides comprised of 1-30 of the V- 
domain did inhibit the binding of radiolabeled sRAGE to 
immobilized AGE by 29.7% (Table VI) . Smaller peptides were 
then prepared (amino acid numbers 1-25 of sRAGE) and (amino 
acid numbers 10-25 of sRAGE) in ah effort to further 
delineate the precise binding site. Even at a 100-fold 
molar excess, unlabeled peptide consisting of amino acid 
numbers 1-25 of sRAGE only inhibited the binding of 
radiolabeled sRAGE to immobilized amyloid-beta peptide by 5% 
and unlabeled 10-25 only had an 18% competitive effect 
(Table VI) . These data suggest that a peptide consisting of 
ammo acid numbers 1-30 of sRAGE is an effective competitor 
of the binding of sRAGE to immobilized amyloid-beta peptide 
•:i-42). 

DISCUSSION 

The interaction of AGEs or amyloid-beta peptide with RAGE on 
cell surfaces likely are important contributors to the 
development of complications in disorders in which AGEs 
accumulate, such as diabetes, retinopathy, peripheral 
vascular neuropathy, male impotence, senile memory loss or 
Alzheimer's disease, respectively. Soluble or sRAGE, the 
extracellular two-thirds of RAGE, by blocking these effects 
in vjltrQ and in in vivo models, including those of chronic 
diabetic complications, may have important implications as 
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a target for drug development in these disorders. 



The V-domain of sRAGE has been shown to mediate interactions 
of full-length sRAGE with AGEs or amyloid-beta peptide in a 
dose -dependent manner. Furthermore, the first 3 0 amino acids 
of the V-domain contain sequences involved in mediating 
these interactions. It is likely, however, that not all 
amino acids present within the 1-30 amino acids of sRAGE are 
necessary for this binding. It is also possible that a 
small number of amino acids beyond the first 30 amino acids 
of sRAGE (that is, of the V-domain) comprise an interaction 
site for AGE or amyloid -beta Iigands. The present 
invention provides for compounds and compositions which 
would comprise polypeptides comprising such amino acids as 
discussed hereinabove. 

A review of the sequences obtained from GenBank of the first 
30 amino acids of the V-domain among human, mouse, rat and 
bovine species reveals remarkable homology (Table VII) . For 
example, of the first 10 amino acids of the V-domain. 
complete identity among the species exists at amino acid 
residues 2-9 (8 of the first 10 amino acids) . Of the next 
10 amino acids of the V-domain (11-20), identity among the 
species exists at 7 of the 10 amino acids including amino 
acids 11, 12, 14, 16, 17, 19 and 20. Of amino acids 21-30 
of the V-domain, identity among the four species exists at 
8 of the 10 amino acids including amino acids 21, 22, 23, 
25, 27, 28, 29 and 30. 

Overall, therefore, there is 76% amino acid identity among 
the four species tested thus far. These data are consistent 
with the concept that sequences critical to the binding of 
AGEs or amyloid-beta peptide with sRAGE may be contained 
within the first 30 amino acids of the V-domain. 

Taken together, these data indicate that the first 30 amino 
acids of the V-domain are important in mediating the 
interaction of sRAGE with either AGEs or amyloid-beta 
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peptide. This suggests that the V-domain region is likely 
an . important target for the development of drugs designed to 
treat disorders in which AGEs accumulate, such as in 
diabetic complications, aging, renal failure, amyloidoses, 
retinopathy, peripheral vascular neuropathy, male impotence, 
senile memory loss and Alzheimer's disease. 
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Table I. The V-Domain of sRAGE mediates the interaction 
with AGEs. Binding assays were performed as described 
above; radiolabeled sRAGE was bound to immobilized AGE in 
the presence or absence of the indicated molar excesses of 
unlabeled competitor. In these assays, therefore, the 
nearer the value is. to 100%, the more effective a competitor 
of the binding of radiolabeled sRAGE to immobilized AGE . 

Unlabeled competitor Fold-molar excess % competition/ us I-sRAGE 

full length sRAGE 50 83% 

V domain 50 89 

CI 50 30 



50 



19 



WO 99/18987 PCT/US98/21346 

-56- 

Table II, V-domain inhibits the binding of radiolabeled 
sRAGE to immoblized AGE in a dose -dependent manner. Binding 
assays were performed as described above, radiolabeled sRAGE 
was bound to immobilized AGE in the presence of the 
indicated molar excesses of unlabeled V-domain. 

Unlabeled competitor fold-molar excess % competition/125 I-sRAGE 

V-domain 100 80 

V-domain 50 86 

V-domain 25 76 

15 V-domain 12.5 53 

V-domain 6.25 28 

V-domain 3.12 16 

20 

V-domain 1.56 0 



10 
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Table III. The First 30 amino acids of the V-Domain of 
s RAGE mediate the interaction with AGEs . Binding assays 
were perforemd as described above; radiolabeled sRAGE was 
bound to immobilized AGE in the presence of the indicated 
molar excesses of unlabeled peptide. 



Peptide/V-domain Fold-Mola r Excess $ C<?mpetit?.QP/ 
famino acid #s1 —I - bRAGE 

1-30 100 77 

50 78 

25 76 

1 0 

1-25 50 31 

25 24 

1 0 

10-25 50 26 

25 17 

1 0 

16-30 100 69 

50 73 

25 20 

1 0 

31-60 100 25 



10 



35 
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50 11 



25 



46-60 100 



50 



25 



15 1-13 100 

50 
25 

20 

I 

18-^28 100 

25 . 50 

25 
1 

30 

157-169 100 



50 



25 
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270-281 100 0 

50 0 
25 0 
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Table IV. The . V-Domain of sRAGE mediates the interaction 
with amyloid-beta peptide. Binding assays were performed as 
described above; radiolabeled sRAGE was bound to immobilized 
amyloid-beta peptide in the presence or absence of the 
indicated molar excesses of unlabeled competitor. In these 
assays, therefore, the nearer the value is to 100%, the more 
effective a competitor of the binding of radiolabeled sRAGE 
to immobilized amyloid-beta peptide. 

Unlabeled competitor fold-molar excess % competition/ l2S I-sRAGE 



full iengch sRAGE 100 80% 

V-domain 100 71.5 

CI -domain 100 15.2 

C2 -domain 100 21.4 
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Table V. V-domain inhibits the binding of radiolabeled 
sRAGE to immolbilized amyloid -beta peptide in a dose- 
dependent manner. Binding assays were performed as 
described above, rasiolebeled sRAGE was bound to immobilized 
amyloid-beta peptide in the presence of the indicated molar 
excesses of unlabeled V-domain. 

Unlabeled competitor fold-molar excess % comnetition/ U5 I-sRAGE 

V-domain 100 72.5 

V-domain 50 41.4 

V- domain 25 34 

V-domain 10 3.9 
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Table VI . The First 3 0 amino acids of the V-Domain of sRAGE 
mediate the interaction with amyloid-beta peptide. Binding 
assays were performed as described above; radiolabeled sRAGE 
was bound to immobilized amyloid-beta peptide in the 
5 presence of the' indicated molar excesses of unlabeled 
peptide. 

Unlabeled competitor fold-molar excess % competition/ l25 I-sRAGE 
amino acid # 
10 1-30 100 55 

16-30 100 29.7 



15 



25 



1-25 100 5 

10-25 100 "18 



31-60 100 2.6 

» 

20 46-60 100 0 

1-13 100 0 

18-28 100 27 



157-167 100 
270-281 100 
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Table VII, Comparison of the First 30 Amino acids of the V- 
domain of sRAGE among the human, murine, rate and bovine 
species. Amino acid sequence of the first 3 0 amine acids of 
the V~domain are indicated for the four indicated species. 
5 Letter indicate amino acids as follows: A, ala; C, cys; D, 
asp; E, glu; F, phe, G, gly; H his; I, ile; K, lys; L, leu; 
M, met; N, asn; P, pro; Q, gin; R, arg; S, ser; T, thr; V, 
val; W, trp; and Y, tyr. 

10 1-10 

Human AQNIT.AR I G E 



15 



Mouse G C N I T A R I ^ ± 

Rat G Q N I T A R I G E 

Bovine D Q N.I T A " R I G K 
20 11-20 

Human P L.V L K C K G A F 



25 



Mouse PLVLSCKGAP 
Rat PLML SCKAAP 

Bovine PLVLNC KGAP 



30 
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21-30 

Human K K F PQR L E W K 

5 

Mouse K K'P P Q Q L E W K 

Ran K K PTQKL EWK 

10 Bovine KKPPQQLEWK 
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Example 2: sRAGE SuppreBses Accelerated Periodontal Disease 
in Diabetic Mice. A model of accelerated periodontal 
disease in diabetic mice and the effects of sRAGE were 
5 studied. Efficacy of sRAGE is shown in diabetic 

(streptozotocin C57BL6/J mice) . Administration of soluble 
RAGE (full-length extracellular form of approximately 40 
kDa) inhibits accelerated alveolar bone loss, which is the 
hallmark of periodontal disease. 

10 

Intraperitoneal injection of soluble RAGE suppresses bone 
loss in diabetic mice (db+/db+) . 

Administration of Soluble (s) RAGE suppresses alveolar bone 
15 loss in a murine model of accelerated periodontal disease in 
diabetes • 

Diabetes was induced in C57BL6/J mice by administration of 
streptozotocin. Diabetes was defined as two serial 

20 measurements of serum glucose > 300 mg/dl - Alternatively, 
an equal * number of mice were treated with vehicle for 
streptozotocin, phosphate buffered saline. One month after 
induction of diabetes, mice were treated every other day for 
four consecutive days with oral/anal administration of the 

2 5 human periodontal pathogen, Porphvromonas gingival is (Pg) cr 
vehicle, phosphate-buffered saline. Two months later, mice 
were sacrificed and decapitated. . The mandibles were 
isolated and, under a dissecting microscope (Olympus) , and 
using curved microdissecting forceps (2 3/4 inches, 0.6mm 

30 wide) and a scalpel with a No. 15C blade, the lingual 
gingival tissue from the posterior area of each quadrant was 
dissected. Beginning with a horizontal sulcular incision at 
the gingival margin of the posterior teeth, the gingiva was 
reflected (full thickness) with the scalpel blade. Vertical 

35 release incisions were made and the tissue was removed 
(separating the tissue with a horizontal incision just below 
the mucogingival junction) . Tissue was then placed in 
formalin (10%) for further analysis. 
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After the above procedures, mandibles were exposed tc KOH 
(2%) for three days and then mechanically defleshed. The 
. jaws (exposure of the lingual surfaces of each 1/2 mandible) 
were then embedded in lab putty. In order tc remove 
5 angulation as a variable, the buccal and lingual cusps of 
the posterior teeth in the 1/2 mandible were superimposed 
during embedding and viewed from the lingual surface prior 
to photography. The defleshed jaws were photographed using 
the magnifying dissecting microscope and Ektachrome® 160T 
10 film (color slides) . 

These slides, at a magnification of 40X, were then magnified 
further 4 X . Images were then crsc€u onto stsnuaru tracing 
paper. For each mouse, a total area of the distance between 

15 the cemento-enamel junction (CEJ) and alveolar bone crest 
(BC) for a total of 6 posterior teeth was measured by 
scanning the tracing into a Macintosh* computer/scanner and 
the images analyzed using the program NIK Image 157' 5 - (along 
with Adobe Photoshop® photography program) . Total area (in 

20 arbitrary pixel units) is reported for each mouse (6 teeth) 
as indicated in Figure- 1. Statistical analysis was 
performed using one way analysis of variance. At two 
months, a significant 1.55-fold increase in alveolar bone 
loss was observed in diabetic mice compared with nondiabetic 

25 controls (see specific data below) . Similar results were 
observed in db+./db+ mice (genetically-diabetic/insulin- 
resistant) one month after infection with Pg compared with 
nondiabetic controls (m+/db+) . 

30 In order to test if administration of sRAGE would ameliorate 
alveolar bone loss in Pg-treated C57BL6/J mice, certain 
diabetic mice were treated with sRAGE (MSR; either 35 iig> 
IP/day for two months qt 3 . Sfxg IP/day for two months). 
Control diabetic mice were treated with equimolar 

35 concentrations of mouse serum albumin (70 vg IP/day for two 
months) . All mice were treated with Pg. At the end of that 
time, measurements of alveolar bone loss were made. The 
results are as follows: 
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Condition 



Alveolar bone loss (CEJ to alveolar BC) 



( I) Diabetic / 

(II) Nondiabetic / 

(III) Diabetic / 

(IV) Diabetic / 



MSR(35 /ig/day) 
MSR(3.5 A/g/day) 



albumin 



albumin 



6,222 ± 406 pixels (SD) 
4,018*501 pixels (SD) 
5.242 ± 463 pixels (SD) 
6,198^427 pixeis (SD) 



Many diabetic complications may result from the interaction 
of AGE's with RAGE to cause cellular perturbation. AGE acts 
as a ligand for the V-domain of RAGE to mediate such 
cellular perturbation. This invention provides a method for 
inhibiting cellular perturbation m a subject: associated 
with a diabetic condition which comprises administering tc 
the subject an amount of an inhibitor of the interation of 
AGE's with RAGE on the surface of a cell effective to 
inhibit the interaction and thereby inhibit the cellular 
perturbation in the subject and treat the diabetic 
condition. 

AGE (advanced glycation endproducts) are a heterogeneous 
group of compounds. A single or specific pathogenic AGE 
compound (s) are being identified. Examples of AGEs include 
but are net limited to: pentosidine (alone or protein-bound 
modification) ; carboxymethyllysine (alone or protein-bound 
modification) ; carboxyethyllysine (alone or protein-bound 
modification) ; pyrallines (alone or protein-bound 
modification) ; methylglyoxal (alone or protein-bound 
modification) and ethylglyoxal (alone or protein-bound 
modification). One of these AGE's may be a pathogenic 
ligand for a specific cellular perturbation due to an 
interaction of the AGE with the V-domain of RAGE. This 
interaction may be a critical contributory factor in many 
complications associated with diabetes. This invention 
provides for inhibitors of such an interaction which may be 
administered to subjects with diabetic complications. 

Cells which may be acted upon by this binding of AGE's to 
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RAGE on the cell surface include endothelial cells, vascular 
smooth muscle cells, neuronal cells, macrophages, 
lymphocytes, retinal vascular cells, retinal neuronal cells, 
mesangial cells and connective tissue cells and cells 
5 associated with -connective tissue such as cells associated 
with gingiva and skin. Cells which may be acted upon by 
this binding of AGE'S to RAGE are not limited co this list 
but may include other cells present in a human body. The 
. present invention provides compounds and compositions which 
10 may be useful in inhibiting this interaction, thereby 
ameliorating the cellular perturbation and ultimately the 
symptoms associated with diabetes. 

Cellular perturbations in those cells that sRAGE , or other 

IS peptides or agents provided for by the present invention 
include but are not limited to: oxidant stress, 
hyperpermeability , enhanced expression of adhesion molecules 
such as- Vascular Cell Adhesion Moleucle - 1; enhanced 
expression of tissue factor; enhanced macrophage chemotaxis 

20 and activation, such as with increased production of 
cytokines and growth factors; enhanced migration of smooth 
muscle cells, activation of smooth muscle cells, neuronal 
oxidant stress and apoptosis. Advanced giycation 

encproducts <AGE) are. the irreversible result of 

25 ncnenxymatic giycation and oxidation. These AGE'S form in 
the connection with a number of conditions such as: aging, 
diabetes, inflammation, renal failure, amyloidoses, and 
hyperlipidemia . AGE 1 s also form in connection with other 
disease states and abnormal conditions which are not 

30 explicitly listed herein but which are encompassed by the 
present invention. 

Example 3: Therapeutic agents identified through in vitro 
35 means, are shown to be effective in vivo for inhibition of 
symptoms associated with diabetic complications. 



The therapeutic agent identified may be shown to be 
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effective in wound healing. In wound healing experiments, 
the secondary intention wound model in genetically diabetic 
mice would be used. The agent (or peptide or pharmaceutical 
composition) is applied topically to the wounded area, and 
wound closure (change in wound area) , epithelialization and 
other histologic indices (such as collagen production, 
extracellular matrix production, fibrin, etc.) is measured. 
Each of these measurements are indices of the effectiveness 
of the agent on increasing, wound healing. 

In periodontal disease, genetically diabetic and 
streptozotocin- treated mice are utilized as animal model 
systems to examine bone loss after treatment with peptides 
having the sequence of Seq I.D. No. 1. Bone loss is 
measured quantitatively via histological methods and 
geometrical area determinations. The peptide of Seq. ID No. 
1, V-domain peptide, agent or pharmaceutical composition is 
administered locally (e.g. "painting on" the agent) and/or 
systemically . Reduced bone loss is an indication of an 
effective agent. 

In accelerated atherosclerosis, streptozotocin- treated apoE 
"knock-out" mice on a normal chow diet are employed as animal 
models of this disease condition. The agent (or peptide cr 
pharmaceutical composition) is administered systemically, 
and quantitative data is gathered by measuring lesion area 
in the animals after treatment. This data gives an 
indication of the effectiveness of each agent. The smaller 
the lesion area as compared to non- treated controls, the 
more effective the agent. 

In diabetic impotence, a rat model with streptozotocin- 
treated animals is employed in which erections are monitored 
following administration of apomorphine. The number and 
frequency of erections is measured in the presence and in 
the absence of the agent and such data is compared so as to 
evaluate the effectiveness of the agent to inhibit symptoms 
of impotence. 
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In diabetic retinopathy, diabetic rat and mouse models are 
used as animal model systems to measure changes in bicod 
flow and retinal pathology. Again, the agent (or peptide or 
pharmaceutical composition) is administered syscemicaliy , 
and quantitative data is gathered by blood flow and 
qualitative data is gathered by examining retinal pathology 
in the animals after treatment. 

In diabetic nephropathy, diabetic mice and rat models are 
employed as animal models of diabetic nephropathy. Changes 
in glomerular filtration rate and renal blood flow are 
measured in animals given a therapeutic agent and measured 
in animals given a placebo. In addition, the appearance cf 
protein in the urine and histologic changes. in glomeruli are 
determined in each animal. The effectiveness of the agent 
is evaluated based upon these measurements in inhibiting 
diabetic nephropathy. 

In diabetic neuropathy, genetically diabetic mice are 
utilized as an animal model for the determination of the 
effectiveness of the agent of the presenc invention. The 
mice are treated with the compound systemically . The mice 
are then observed to determine changes in nerve conduction 
velocity and changes in the number of myelinated, peripheral 
nerve fibers. Such data compared with equivalent 

measurements determined in an untreated animal will provide 
an indication of the effectiveness of the agent of the 
present invention . 
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is claimed is: 

An isolated peptide having an amino acid sequence 
corresponding to an amino acid sequence of a V-domain 
of a receptor for advanced glycation endproduct. 

The peptide of claim 1, wherein the amino acid sequence 
is A-Q-N-I-T-A-R-I-G-E-P-L-V-L-K-C-K-G-A-P-K-K-P-P-Q- 
R-L-E-W-K (Seq. I.D. No. 1). 

The peptide of claim 1, wherein the amino acid sequence 
is G-Q-N-I-T-A-R-I-G-E-P-L-V-L-S-C-K-G-A-P-K-K-P-P-Q- 
Q-L-E-W-K (Seq. I.D. No. 2). 

The peptide of claim 1,. wherein the amino acid sequence 
is G-Q-N-I-T-A-R-I-G-E-P-L-M-L-S-C-K-A-A-P-K-K-P-T-Q- 
K-L-E-W-K (Seq. I.D. No. 3). 

The peptide of claim 1, wherein the amino acid sequence 
is D-Q-N-I-T-A-R-I-G-K-P-L-V-L-N-C-K-G-A-P-K-K-P-P-Q- 
Q-L-E-W-K (Seq.- I.D. No. 4). 

A pharmaceutical composition which comprises a 
therapeutically effective amount: of the peptide of 
claim 1 and a pharmaceutical^ acceptable carrier. 

The pharmaceutical composition of claim 6, wherein the 
carrier is a diluent, an aerosol, a topical carrier, an 
aqueous solution, a nonaqueous solution or a solid 
carrier. 

The pharmaceutical composition of claim 6, wherein the 
carrier is a polymer or a toothpaste. 

A pharmaceutical composition which comprises a 
therapeutically effective amount of the peptide of 
claim 1 linked to an antibody or portion thereof. 



SUBSTITUTE SHEET (RULE 26) 



WO 99/18987 PCT/US98/2I346 

-79- 

10. The pharmaceutical composition of claim 9, wherein the 
antibody is capable of specifically binding to the 
receptor for advanced glycation endproduct. 

5 11. The pharmaceutical composition of claim 9, wherein the 
antibody is a monoclonal antibody. 

12. The pharmaceutical composition of claim 9, wherein the 
antibody is a polyclonal antibody. 

10 

13. The pharmaceutical composition of claim 9, wherein the 
portion of the antibody comprises a F ab or a F c . 

• 14. The pharmaceutical composition of claim 9, wherein the 
15 portion of the antibody comprises a complementarity 

determining region or a variable region. 

15. A method for inhibiting an amyloid-p peptide's 
interaction with a receptor for advanced glycation end 

20 product when the receptor is on the surface of a cell, 

which comprises contacting the cell with an amount of 
an inhibitor of said interaction effective to inhibit 
interaction of the amyloid-p peptide with the receptor 
for advanced glycation endproduct. 

25 

16. The method of claim 15, wherein the cell is a 
eukaryotic cell. 

17. The method of claim 16, wherein the cell is a cell of 
30 a subject. 

18. The method of claim 16, wherein the subject is a human. 

19. The method of claim 17, wherein the cell is a neuronal 
35 cell, an endothelial cell, a glial cell, a microglial 

cell, a smooth muscle cell, a somatic cell, a bone 
marrow cell, a liver cell, an intestinal cell, a germ 
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cell, a myocyte , a mononuclear phagocyte, an 
endothelial cell, a tumor cell, a lymphocyte cell, a 
mesangial cell, a retinal epithelial cell, a retinal 
vascular cell a ganglion cell or a stem cell, 

5 

20. The method of claim 15, wherein the cell is a normal 
cell, an activated cell, a neoplastic cell, a diseased 
cell or an infected cell. 

10 21. The method of claim 15 , wherein the inhibitor comprises 
a peptide, a peptidomimetic compound, a nucleic acid 
molecule, a small molecule, an organic compound, an 

inorganic compound, or an antibody or a fragment 
thereof . 

15 

22. The method of claim 15, wherein the inhibitor is the 
isolated peptide of claim 1. 

23. The method of claim 15, wherein the inhibitor is a 
20 soluble V-domain of a receptor for advanced glycation 

endproduct. 

24. The method of claim 15, wherein the inhibitor comprises 
an antibody or fragment thereof. 

25 

25. The method of claim 24, wherein the antibody is capable 
of specifically binding to the receptor for advanced 
glycation endproduct. 

3 0 26. The method of claim 24, wherein the antibody is a 
monoclonal antibody. 

27. The method of claim 24, wherein the antibody is a 
polyclonal antibody. 

35 

28. The method of claim 24, wherein the antibody fragment 
comprises a Fab or Fc fragment. 
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29. The method of claim 24, wherein the fragment of the 
antibody comprises a complementarity determining 
region. 

5 30. The method of claim 15, wherein the inhibitor is 
capable of specifically binding to the amyloid-P 
peptide. 

31. A method for inhibiting degeneration of a neuronal cell 
10 which comprises contacting the cell with an inhibitor 

of the interaction of an amyloid-p peptide with a 
receptor for advanced glycation end product so as to 
inhibit the interaction and thereby inhibit 
degeneration of the neuronal cell. 

15 

32. A method for inhibiting formation of an amyloid-P 
peptide fibril on a cell which comprises contacting the 
cell with an inhibitor of the interaction of an 
amyloid-P peptide with a receptor for advanced 

20 glycation end product so as to inhibit the interaction 

and thereby inhibit formation of the amyloid-P peptide 
fibril oa a cell. 

33. A method for inhibiting extracellular assembly of an 
25 amyloid-P peptide into a fibril which comprises 

contacting the amyloid-P peptide with an inhibitor of 
the interaction of an amyloid-P peptide with another 
amyloid-P peptide so as to inhibit the interaction and 
thereby inhibit extracellular assembly of an amyloid-p 
30 peptide into a fibril. 

34. A method for inhibiting aggregation of amyloid-P 
peptide on the surface of a cell which comprises 
contacting the amyloid-P peptide with an inhibitor of 

35 the interaction of the amyloid-P peptide with a 
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receptor for advanced glycation end product so as to 
inhibit the interaction and thereby inhibit aggregation 
of amyloid-p peptide on the surface of a cell, 

5 35. A method for inhibiting infiltration of a microglial 
cell into senile plaques which comprises contacting the 
microglial cell with an inhibitor of the interaction of 
an amyloid-P peptide with a receptor for advanced 
glycation end product on the surface of the microglial 
10 cell, so as to inhibit the interaction and thereby 

inhibit infiltration of a microglial cell into senile 
plaques. 

36. A method for inhibiting activation of a microglial cell 
15 by an amyloid-P peptide which comprises contacting the 

microglial cell with an inhibitor of the interaction of 
the amyloid-P peptide with a receptor for advanced 
glycation end product on the surface of the microglial 
cell so as to inhibit the interaction and thereby 
20 inhibit activation of a microglial cell. 

37. A method for treating a subject with a condition 
associated with an interaction of an amyloid-P peptide 
with a receptor for advanced glycation end product on 

25 a cell, which comprises administering to the subject an 

inhibitor capable of inhibiting the interaction of the 
amyloid-P peptide with the receptor for advanced 
glycation end product, the inhibitor being present in 
an amount effective to inhibit the amyloid-P peptide 

30 interaction with the receptor, thereby treating the 

subject. 

38. The method of claim 37, wherein the condition is 
diabetes, Alzheimer's Disease, senility, renal failure, 

35 hyper lipidemic atherosclerosis, neuronal cytotoxicity , 

Down's syndrome, dementia associated with head trauma, 
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5 

39. 

10 40. 
41. 

15 

42. 

20 

43. 

25 

44. 
30 45. 

46. 

35 



amyotrophic lateral sclerosis , multiple sclerosis, 
amyloidosis, an autoimmune disease, inflammation, a 
tumor, cancer, male impotence, wound healing, 



nephropathy or neuronal degeneration. 

The method of claim 37, wherein the subject is a 
mammal • 

The method of claim 3 9 , wherein the mammal is a human. 

The method of claim 37, wherein the administration 
comprises intralesional , intraperitoneal, intramuscular 
or intravenous injection; infusion; liposome-mediated 
delivery; topical, nasal, oral, anal, subcutaneous, 
vaginal, sublingual, uretheral, transdermal, 
intrathecal, ocular or otic delivery. 

The method of claim 37, wherein the condition is 
associated with degeneration of a neuronal cell in the 
subject. 

The method of claim 37, wherein the condition is 
associated with formation of an amyloid-p peptide 
fibril. 

The method of claim 37, wherein the condition is 
associated with aggregation of amyloid-P peptide. 

The method of claim 37, wherein the condition is 
associated with infiltration of a microglial cell into 
a senile plaque. 

The method of claim 37 , wherein the condition is 
associated with activation of a microglial cell by an 
amyloid-p peptide. 



periodontal 



disease, 



neuopathy , 



retinopathy, 
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47. The method of claim 37, wherein the inhibitor consists 
essentially of a portion of the peptide of claim 1. 

48. The method of claim 37, wherein the inhibitor comprises 
5 the pharmaceutical composition of claim 6. 

49. A method for evaluating the ability of an agent to 
inhibit binding of an amyloid-p peptide with a V-domain 
of a receptor for advanced glycation end product on the 

10 surface of a cell which comprises: 

(a) contacting the cell with the agent and amyloid-P 
peptide; 

15 (b) determining the amount of amyloid-P peptide bound 

to the cell, and 

(c) . comparing the amount of bound amyloid-P peptide 
determined in step (b) with the amount determined 

2 0 in the absence of the agent, thus evaluating the 

ability of the agent to inhibit the binding of 

amyloid-P peptide to the V-domain of the receptor 
for advanced glycation end product on the surface 
of the cell. 

25 

50. The method of claim 49, wherein the cell is contacted 
with the agent and the amyloid-P peptide 
s imultaneous ly . 

3 0 51. The method of claim 49, wherein the cell is contacted 

with the amyloid-P peptide and the agent. 



52. The method of claim 49 , wherein the cell is a neuronal 
cell, an endothelial cell, a glial cell, a microglial 
35 cell, a smooth muscle cell, a somatic cell, a bone 

marrow cell, a liver cell, an intestinal cell, a germ 
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cell, a myocyte, a mononuclear phagocyte, an 
endothelial cell, a tumor cell, a lymphocyte cell, a 
mesangial cell, a retinal epithelial cell, a retinal 
vascular cell a ganglion cell or a stem cell. 

5 

53. The method of claim 49, wherein the agent comprises a 
peptide, a peptidomimetic compound, a nucleic acid 
molecule, a small molecule, an organic compound, an 
inorganic compound, or an antibody or a fragment 

10 thereof. 

54. The method of claim 49, wherein the agent is a peptide 
having the amino acid sequence A-Q— N-I-T-A-R-I-G-E— P— L- 
V-L-K-C-K-G-A-P-K-K-P-P-Q-R-L-E-W-K (Seq. I . D. No. 1). 

15 

55. The method of claim 49, wherein the agent is a peptide 
having the amino acid sequence A-Q-N-I-T-A-R-I-G-E 
(Seq. I.D. No. 5). 

20 56. The method of claim 49, wherein the agent is a soluble 
V-domain of a receptor for advanced glycation 
endproduct . 

57. The method of claim 49, wherein the agent is a soluble 
25 extracellular portion of a receptor for advanced 

glycation end product. 

58. The method of claim 49, wherein the agent is an 
antibody or fragment thereof or is linked to an 

30 antibody or fragment thereof. 

59. The method of claim 58, wherein the antibody is capable 
of specifically binding to a receptor for advanced 
glycation endproduct. 



35 

60. 



The method of claim 58, wherein the antibody is a 
monoclonal antibody. 



SUBSTITUTE SHEET (RULE 26) 



WO 99/18987 



PCT/US98/21346 



-86- 

61. The method of claim 58, wherein the antibody is a 
polyclonal antibody. 

62. The method of claim 58, wherein the fragment of the 
antibody comprises a Fab or Fc fragment. 

63. The method of claim 58, wherein the fragment of the 
antibody comprises a complementarity determining 
region. 

64. The method of claim 49, wherein the agent is capable of 
specifically binding to the amyloid-p peptide. 

65. The method of claim 49, wherein the agent is bound to 
a solid support. 

66. The method of claim 49, wherein the agent is expressed 
on the surface of a cell. 

67. A method for inhibiting activation of an NF-kB gene in 
a cell which comprises contacting the cell with an 
inhibitor of the interaction of amyloid-p peptide with 
a receptor for advanced glycation endproduct on the 
cell so as to inhibit the interation and thus inhibit 
activation of NF-kB in the cell. 

68. A method for inhibiting periodontal disease in a 
subject which comprises administering topically to the 
subject a pharmaceutical composition which comprises 
sRAGE in an amount effective to accelerate wound 
healing and thereby inhibit periodontal disease. 

69. The method of claim 71, wherein the pharmaceutical 
composition comprises sRAGE in a toothpaste. 

70. A method for inhibiting an advanced glycation 
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endproduct ■ s interaction with a receptor for advanced 
glycation end product when the receptor is on the 
surface of a cell, which comprises contacting the cell 
with an amount of an inhibitor of said interaction 
5 effective to inhibit interaction of the advanced 

glycation endproduct with the receptor for advanced 
glycation endproduct. 

71. The method of claim 70, wherein the cell is an 
10 endothelial cell, a vascular smooth muscle cell, a 

neuronal cell, a macrophage, a lymphocyte, a retinal 
vacular cell, a retinal neuronal cell, a cell 

associated with gingiva, a cell associated with skin, 
a mesangial cell or a connective tissue cell. 

15 

72. The method of claim 70, wherein the advanced glycation 
endproduct is a pentosidine, a carboxymethyllysine, a 
carboxyethyllysine, a pyrallines, an imidizalone, a 
methylglyoxal, an ethylglyoxal. 

20 

73. A method for treating a subject with a condition 
associated with an interaction of an advanced glycation 
endproduct with a receptor for advanced glycation end 
product on a cell, which comprises administering to the 

25 subject an inhibitor capable of inhibiting the 

interaction of the advanced glycation endproduct with 
the receptor for advanced glycation end product, the 
inhibitor being present in an amount effective to 
inhibit the advanced glycation endproduct interaction 

30 with the receptor, thereby treating the subject. 

74. The method of claim 73, wherein the condition is 
diabetes, renal failure, hyper lipidemic 
atherosclerosis, associated with diabetes, neuronal 

35 cytotoxicity, Down's syndrome, dementia associated with 

head trauma, amyotrophic lateral sclerosis, multiple 
sclerosis, amyloidosis, an autoimmune disease, 
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inf lamination, a tumor, cancer, male impotence, wound 
healing, periodontal disease, neuopathy, retinopathy, 
nephropathy or neuronal degeneration. 

75. The method of claim 73, wherein the advanced glycation 
endproduct is a pentosidine, a carboxymethyllysine, a 
carboxyethyllysine, a pyrallines, an imidizalone, a 
methylglyoxal, an ethylglyoxal. 
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees 
must be paid. 

Group I claim(s)l-30. drawn to peptide pharmaceuticals and the first method of using the peptide pharmaceuticals drawn 
to methods of inhibiting the interaction of an amyloid beta peptide with a receptor for advanced glycate endproduct on 
a cell. 

Group II. claims(s) 37-48. drawn to a second method fu. using inhibitors by treating a subject by administering the 
inhibitor in vivo. 

Croup 111. claim(s) 31. drawn to a third method for inhibiting degeneration of a neuronal cell by contacting with a 
inhibitor. 

Croup IV. claim(s) 32. drawn to a fourth method for inhibiting the formation of an amyloid beta fibril on a cell. 

Group V. claim(s)33. drawn to a fifty method for inhibiting extracellular assembly of amyloid beta fibrils by contacting 
with an agent which inhibits the interaction between the amyloid beta fibrils. 

Group VI. ciaim(s) 34. drawn to a sixth method for inhibiting aggregation of amyloid beta pept.de on a cell by 
contacting with an inhibitor. 

Group VII, claim(s) 35. drawn to a seventh method for inhibiting infiltration of a microglial cell into a senile plaque by 
contacting with an inhibitor. 

Group VIII. claim(s>49-66. drawn to a eighth method for evaluating the ability of an agent to inhibit the interaction of 
amyloid beta peptide with a V-domain of a receptor for advanced glycalion endproduct. 

Group IX, claim(s) 67. drawn to an ninth method for inhibiting activation of NF-kappa beta gene by contacting with an 
inhibitor. 

Group X. claim(s) 68-69. drawn to a tenth method for inhibiting periodontal disease by administering sRAGE. 

Group XI. claim 70-75. drawn to an eleventh method for inhibiting advanced glycalion endproduct interaction with the 
receptor for advanced glycalion endproducts and methods of treatment. 

This application contains claims directed to more than one species of the generic invention. These species are deemed to 
lack Unity of Invention because they are not so linked as to form a single inventive concept under PCT Rule 13.1. In 
order for more than one species to be searched, the appropriate additional search fees must be paid. The species are as 
follows: 

Group I claims 15-30: 

Species A - peptide 

Species B - pcplidomimclic 

Species C - nucleic acid 

Species D ♦ small molecule 

Species E - organic compound 

Species F - inorganic compound 

Species G - antibody or fragment thereof 
Group II claims 37-48: 
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Species A - diabetes 

Species B - Alzheimer's Disease, dementia, amyloidosis 
Species C - renal failure^ nephropathy 
Species D • atherosclerosis 
Species E - Downs syndrome 

Species F - neuronal toxicity, neuronal degeneration 
Species G - amyotrophic lateral sclerosis 
Species H - multiple sclerosis 
Species I - autoimmune disease 
Species J • inflammation 
Species K - tumor, cancer 
Species L - male impotence 
Species M - wound healing 
Species N - periodontal disease 
Species O - neuropathy 
Species P - retinopathy 
Group XI claims 70-75: 

Species A - diabetes 

Species B - Alzheimer's Disease, dement, amyloidosis 
Species C - renal failure, nephropathy 
Species D • atherosclerosis 
Species E - Downs syndrome 

Species F - neuronal toxicity, neuronal degeneration 

Species G - amyotrophic lateral sclerosis 

Species H - multiple sclerosis 

Species I - autoimmune disease 

Species J - inflammation 

Species K - tumor, cancer 

Species L - male impotence 

Species M - wound healing 

Species N • periodontal disease 

Species O - neuropathy 

Species P - retinopathy 

The claims are deemed to correspond to the species listed above in the following 

The following claims arc generic: 

Group I. claims 15-20, 30. 
Group 1. claims 37-46. 
Group X. claims 70 and 73. 



The inventions listed as Groups 1X1 do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, they lack the some or corresponding special technical features for the following reasons. 

The common technical feature of Group 1 is the peptide pharmaceuticals corresponding to the ammo acid 
sequence of a V-domain of a receptor for advanced glycauon end product. It is further noted that the desenpuon sets 
3h that the product of claim 1 is known in the art. see Keeper et al.(1992), Schmidt et al. (1992) and Wautrcr et a». 
(mi Thus a while a common technical feature is present it is not a special technical feature within the meaning of 

PCT Ru!c A l s 3 ^ ^ u p"" || „, |V VI v,, and | X . thc claims rcci ,e different distinct methods with different goals as 
evidenced by the different preambles set forth above, have different final outcomes and represent add, b on al I methods of 
using an inhibitor of the interaction of amy amyloid beta peptide with a receptor for advanced glycation end product. 
Methods 11 111 IV. VI. VII. and IX represent multiple different methods of using an peptide .nh.bilor. 

Group V is distinct from each of the methods above because it employs an inhibitor of the interaction or 
amyloid beta peptide which is not the common technical feature of Group I which is defined as the peptide 
pharmaceuticals corresponding to the amino acid sequence of a V-don.ain of a receptor for advanced glycauon end 
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Group VII. is distinct Iron, each of the methods above because the method requ.res d.ffe.enl reagents (,e a 
putative inhibitor agent, amyloid beta peptide and ce.ls). different method steps and has a d.fferen. final outcome (,.e. 
evaluating the ability of an agent to inhibit the interaction of amyloid beta peptide w.th a V-doma.n of a receptor for 
advanced glycation end products. l 

Group X is distinct from each of the methods above because the method requ.res sRAGE wh.ch .s not .he 
common technical feature of Croup I which is defined as the peptide pharmaceuticals correspondmg to the ammo ac.d 
seouence of a V-domain of a receptor for advanced glycation end product. 

Group XI is distinct from each of the methods above because the method docs not rcqu.re the common 
technical feature of Group I which is defined as the peptide pharmaceuticals corrcspond.ng lo the am.no ac.d sequence 
of a V-domain of a receptor for advanced glycation end product. 

Inasmuch as the Groups as set forth above arc drawn to (a) multiple distinct methods of usuig the common 
technical feature of Group I. (b) Groups which do not use the common technical feature of Group I. or (c) are drawn to 
distinct methods which require different reagents, different method steps and have different final outcomes, they do no. 
relate to a single inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2. they lack the same or 
corresponding special technical feature. 



The species listed above do no. relate to a single inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2. 
the spec.es lack the same or corresponding special technical features for the followmg 

The species of Group I. lack the corresponding common technical feature wh.ch has been defined as the 
peptide pharmaceuticals corresponding to the amino acid sequence of a V-domain of a receptor for advanced glycat.on 
end product. The species have clearly different chemical structures and thus the species as cla.med lack the same or 
corresponding common technical feature as the pept.de pharmaceuticals corresponding to the am.no ac.d sequence of a 
V-domain of a receptor lor advanced glycation end product. 

The species of Group II. are drawn to treatment of multiple different dtseases wh.ch have d.fferent et.olog.es. 
different pathologies and encompass different methods of therapeutics. Additionally, amyloid beta pept.de ,s no. 
involved in many of the species of disease claimed and thus each disease which does no. .nvo.ve amy.o.d beta pept.de .s 
distinct each from the other and thus the mode of treatment with an inhibitor which mh.b.ts .he b.nd.ng of amy.o.d beta 
peptide to a receptor does not define a special technical feature which links .be spec.es because the d.seases lack the 
same or corresponding special technical fca hi res. ... . . «- . ,• u ■„ 

The species of Group IX. are drawn to treatment of multiple different d.seases wh.ch have d.fferen. et.olog.es. 
different pa.hologies and encompass different methods of therapeutics. The treatment of disease does use the common 
technical feature of Group I. Thus, the species of diseases do no. define a spec.a. techn.ca. feature wh.ch Imks the 
species because .he diseases lack the same or corresponding spec.al lechn.cal features. 

Inasmuch us! the species as set forth above are drawn to (a) multiple d.s.mc. chem.cal products wh.ch are no. 
the common technical feature of Group I. or (b) Species which treat disparate diseases which lack a common euology 
and pathology and no, use the special technical feature of Group I and do no. requ.re .he common "J£»4 ° 
Group I. they do no. relate to a single inventive eoncep, under PCT Rule 13.1 because, under PCT Rule 13.2. .hey lack 
the same or corresponding special technical feature. 
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